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(57) ABSTRACT

A coil material capable of contributing to an improvement of
the productivity of a high-strength magnesium alloy sheet and
a method for manufacturing the coil material are provided.
Regarding the method for manufacturing a coil material
through coiling of a sheet material formed from a metal into
the shape of a cylinder, so as to produce the coil material, the
sheet material is a cast material of a magnesium alloy dis-
charged from a continuous casting machine and the thickness
t (mm) thereof'is 7 mm or less. The sheet material 1 is coiled
with a coiler while the temperature T (° C.) of the sheet
material 1 just before coiling is controlled to be a temperature
at which the surface strain ((t/R)x100) represented by the
thickness t and the bending radius R (mm) of the sheet mate-
rial 1 becomes less than or equal to the elongation at room
temperature of the sheet material 1.
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1
COIL MATERIAL AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a national phase application of
PCT Application No. PCT/JP2011/056722, filed on Mar. 22,
2011, and claims priority to Japanese Application No. 2010-
076718, filed on Mar. 30, 2010, Japanese Application No.
2010-158144, filed on Jul. 12, 2010, Japanese Application
No. 2010-157656, filed on Jul. 12, 2010, and Japanese Appli-
cation No. 2011-050885, filed on Mar. 8, 2011, the entire
contents of which are herein incorporated by reference.

TECHNICAL FIELD

The present invention relates to a coil material formed from
a magnesium alloy cast material suitable for a raw material
for a magnesium alloy structural member and a method for
manufacturing the coil material, a magnesium alloy sheet
produced from the coil material and a method for manufac-
turing the magnesium alloy sheet, and a coil material coiler
suitable for production of the coil material. In particular, the
present invention relates to a coil material capable of contrib-
uting to an improvement of the productivity of a high-strength
magnesium alloy structural member and a method for manu-
facturing the coil material.

BACKGROUND ART

A light-weight magnesium alloy exhibiting excellent spe-
cific strength and specific rigidity has been studied as a con-
stituent material for various structural members, e.g., a hous-
ing, of' mobile electric and electronic devices, such as, cellular
phones and laptop computers. As for structural members
formed from the magnesium alloy, cast materials (for
example, the AZ 91 alloy based on the American Society for
Testing Materials Standard) by a die casting process or a
thixomold process are the mainstream. In recent years, a
structural member produced from a sheet, which is formed
from a magnesium alloy for elongation typified by the AZ 31
alloy based on the American Society for Testing Materials
Standard and which has been subjected to press forming, has
been used.

PTL 1 discloses that a rolled sheet formed from the AZ 91
alloy or an alloy containing Al to the same extent as the AZ 91
alloy is produced under a specific condition and the resulting
sheet is subjected to press forming.

PTL2 discloses a technology to produce a cast material
serving as a raw material for such a rolled sheet with a twin-
roll type continuous casting apparatus. The twin-roll type
continuous casting apparatus is an apparatus to obtain a sheet
cast material by feeding a molten material to between a pair of
casting rolls rotating in directions opposite to each other and
quenching and solidifying the molten material between the
casting rolls. The cast material produced with this twin-roll
type continuous casting apparatus is usually coiled on a take-
up reel after being formed through rolling and the like, and is
carried to another secondary forming site on a take-up reel
basis or is shipped to a customer.

PTL3 discloses a casting nozzle suitable for a twin-roll
type continuous casting apparatus. This nozzle is formed by
combining a pair of main body sheets disposed discretely and
rectangular parallelepiped side dams disposed on both sides
of the two main body sheets, and an opening portion is rect-
angular.
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Among the magnesium alloys formed by the above
described technologies, magnesium alloys having high
strength and exhibiting excellent corrosion resistance, flame
retardancy, and the like have large contents of additive ele-
ments. For example, in the case where cast materials are
compared, the AZ 91 alloy having a content of Al larger than
that of the AZ 31 alloy has high tensile strength and excellent
corrosion resistance as compared with the AZ 31 alloy. Fur-
thermore, regarding magnesium alloys having the same com-
position, in general, the strength of a formed material, which
is produced by subjecting a cast material to various types of
plastic forming, e.g., rolling, forging, drawing, or pressing, is
higher than the strength of the cast material.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publica-
tion No. 2007-098470

PTL 2: Japanese Unexamined Patent Application Publica-
tion No. 1-133642

PTL 3: Japanese Unexamined Patent Application Publica-
tion No. 2006-263784

SUMMARY OF INVENTION
Technical Problem

In general, the above described structural members, e.g.,
the housing, are desired to have high strength and rigidity and
exhibiting excellent corrosion resistance and the like. How-
ever, it is difficult to produce a structural member formed
from a magnesium alloy having excellent characteristics, e.g.,
the strength and the corrosion resistance with high produc-
tivity.

For example, in the case where a magnesium alloy struc-
tural member exhibiting excellent strength is produced by
subjecting a rolled sheet to plastic forming, e.g., pressing, it is
expected that the use of continuously produced long lengths
of rolled sheet as a raw material can increase the yield and
enhance the productivity as compared with the use of a unit
length of rolled sheet cut into a predetermined length as a raw
material. In order to produce long lengths of rolled sheet, it is
necessary to produce long lengths of cast material serving as
the raw material for the rolled sheet. Moreover, in order that
the raw material can be fed to a rolling mill or the like
continuously, it is desirable that the long lengths of cast
material serving as the raw material is made into a cast coil
material by being coiled into the shape of a cylinder. How-
ever, it is difficult to produce long lengths of cast material
formed from a high-strength magnesium alloy and coil the
long lengths of body.

The present inventors performed studies on a sheet cast
material having a tensile strength of 250 MPa or more as an
example of a raw material to produce a high-strength magne-
sium alloy structural member. Typically, the tensile strength
of the cast material can be made 250 MPa or more by speci-
fying the total content of elements, e.g., Al, Zr, Y, Si, Zn, and
Ca, serving as additive elements of the magnesium alloy to be
7.3 percent by mass or more. Examples of magnesium alloys
satisfying the above described tensile strength include
Mg—Al-Zn based magnesium alloys having an Al content of
7.3 percent by mass or more.

In order to produce a cast material, which has an excellent
surface texture in such a way that there is substantially no
discoloration (mainly due to oxidation) in the surface and
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which has a small number of defects in such a way that center
line segregation is at a very low level, by using such a mag-
nesium alloy containing high concentration of additive ele-
ments, it is necessary to quench and solidity a molten metal.
In particular, it is preferable that casting is performed in
association with cooling in such a way that the temperature of
a sheet material just after being discharged from a casting
machine becomes 350° C. or lower, and preferably 250° C. or
lower. Casting into a thin sheet is suitable for achievement of
the above described cooling condition to obtain the above
described high-quality cast material. However, when the cast
material is thin, the temperature is lowered at a rate of about
25° C./min to 50° C./min after casting through natural cool-
ing. In this regard, the magnesium alloy has a hexagonal
crystalline structure (hexagonal close-packed structure) and,
therefore, has poor plastic formability at room temperature.
Consequently, the plastic formability is degraded because of
the above described lowering of temperature, so that it is
difficult to coil with a coiler in the related art.

Furthermore, in the case where the above described mag-
nesium alloy containing high concentration of additive ele-
ments is used, a cast texture becomes a texture in which
additive element-rich fragile micro segregation is generated
in the vicinity of a columnar crystal. Because of this segre-
gation, the cast material is poor in toughness and a curvature
at which bending can be performed without an occurrence of
cracking or the like (allowable bending radius) is limited.
Therefore, regarding the coiler in the related art, it is difficult
to coil continuously produced long lengths of cast material
without an occurrence of cracking or the like. It is considered
that the radius of a winding drum of'the coiler is increased in
accordance with the above described allowable bending
radius. However, it is necessary that the drive mechanism of
the coiler is upsized because of upsizing of the winding drum
and, therefore, that idea is impractical. Moreover, even when
the radius of the winding drum is increased, bending with a
radius smaller than the radius of the winding drum may be
applied in the vicinity of a coiling start place by a chuck
portion grasping the coiling start place of the cast material.
Consequently, the above described problems may not be
solved only by changing the radius of the winding drum.

On the other hand, a magnesium alloy, e.g., the AZ31 alloy,
containing low concentration of additive elements has tough-
ness to the extent at which bending can be performed even at
room temperature. Therefore, in the case where long lengths
of cast material is produced, coiling can be performed easily,
but a high-strength magnesium alloy structural member is not
obtained.

Meanwhile, coiling can be performed in the case where the
temperature of a sheet material just after being discharged
from the casting machine is not lowered in contrast to that
described above and the temperature is allowed to remain in
the state of being high to some extent. However, in this case,
regarding the coiled cast material, defects resulting from por-
tions not made into solid solution and degradation in surface
state because of oxidation or the like occur. Consequently, it
is necessary to remove these defects and the surface layer
before the following step, e.g., rolling, so that the productivity
of the magnesium alloy structural member is reduced.

In addition, in the case where the casting nozzle having an
rectangular opening, as described in PTL 3, is used in pro-
duction of the above described cast coil material, it is difficult
to continuously and stably produce a cast sheet having a
predetermined width.

In the case where a cast sheet is produced through continu-
ous casting, the flow rate of a molten metal of the edge portion
of'the cast sheet tends to be reduced as compared with that of
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the central portion of the cast sheet and, thereby, chipping,
cracking, and the like occur easily in the edge portion. Con-
sequently, in the case where the cast sheet is subjected to
forming, e.g., rolling, both edge portions of the cast sheet are
trimmed to adjust to a predetermined width before the form-
ing. If a crack of the edge portion extends to the central
portion, the amount of trimming increases, the predetermined
width cannot be ensured, and the yield is reduced. Therefore,
in production of the long lengths of cast material, it is desired
to reduce cracking of the edge portion. However, sufficient
study has not been performed previously on a manufacturing
method and the shape of a cast material which can reduce
cracking of the edge portion effectively.

Regarding the above described casting nozzle formed from
the main body sheets and the side dams, a molten metal
present in the vicinity of the end portion in the nozzle is
cooled by the side dams, and solidified materials may be
generated locally in the vicinity of the side dams. The solidi-
fied materials further cool a surrounding molten metal and
reduce the flow rate of the molten metal flowing toward the
opening portion of the nozzle, so that the solidification region
is expanded gradually, the solidification region may come
into contact with a mold, and chipping and cracking may
occur to a large extent in the edge portion of the cast sheet. In
particular, in the casting nozzle having the rectangular open-
ing, the flow rate ofthe molten metal flowing in the vicinity of
the corner portion in the nozzle tends to become smaller
relative to the flow rate of the molten metal flowing in the
places other than the corner portion in the nozzle. In addition,
the temperature of the molten metal filled into the above
described corner portion tends to be lowered relatively as
compared with the molten metal flowing in the places other
than the corner portion. Consequently, a molten metal filled
into the corner portion in the nozzle is solidified easily, and
problems may occur in that chipping and cracking of the edge
portion occur, as described above, because of the solidified
materials or, at worst, a cast sheet having a desired sheet width
is not obtained because of solidification and casting is
stopped necessarily.

In order to improve the productivity of the cast sheet, a
plastic forming material by using this sheet as a raw material,
and the like for the purpose of reducing a unit cost of produc-
tion, for example, it is necessary to continuously produce long
lengths, e.g., 30 m or more, and in particular 100 m or more,
of cast sheet, and it is not desired to stop casting on the way.
Therefore, developments of a manufacturing method which
can continuously stably produce long lengths of cast sheet
and a shape of cast material, which can be continuously stably
produced, have been desired.

Accordingly, it is an object of the present invention to
provide a coil material capable of contributing to an improve-
ment of the productivity of a high-strength magnesium alloy
structural member and a method for manufacturing the coil
material.

Furthermore, it is another object of the present invention to
provide a magnesium alloy sheet suitable for a raw material
for a magnesium alloy structural member and a method for
manufacturing the magnesium alloy sheet.

Moreover, it is another object of the present invention to
provide a coil material coiler suitable for production of the
coil material formed from a cast material of a magnesium
alloy.

Solution to Problem

Regarding production of a coil material of a cast material
formed from a magnesium alloy, the present invention pro-
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poses a manufacturing method in which the temperature of
the cast material just before coiling is specified in production
of a sheet cast material through continuous casting. Specifi-
cally, in the method for manufacturing a coil material, a sheet
material formed from a metal is coiled into the shape of a
cylinder so as to produce a coil material. This sheet material
is a cast material of a magnesium alloy discharged from a
continuous casting machine and the thickness t (mm) thereof
is 7 mm or less. Furthermore, the following coiling step is
included.

Coiling step: a cast coil material having an elongation el, at
room temperature of 10% or less is obtained through coiling
with a coiler while the temperature T (° C.) of the above
described sheet material just before coiling is controlled to be
a temperature at which the surface strain ((t/'R)x100) repre-
sented by the thickness t and the bending radius R (mm) of the
sheet material becomes less than or equal to the elongation el
(%) at room temperature of the sheet material.

According to the manufacturing method of the present
invention, even a cast material (sheet material) having rela-
tively low toughness, for example, the elongation el, at room
temperature is 10% or less, can be coiled easily and, there-
fore, a cast coil material can be produced with high produc-
tivity. In particular, in the case where the above described
manufacturing method according to the present invention is
used, even when, for example, the radius of a winding drum to
coil a cast material is smaller than the allowable bending
radius of the cast material at room temperature, the cast
material can be coiled easily through the use of the winding
drum. Furthermore, it can be said that the magnesium alloy
cast coil material having a sheet material thickness of 7 mm or
less is a magnesium alloy cast coil material in which segre-
gation in the sheet material is at a low level. This is because if
the produced sheet material has a small thickness, the sheet
material is quenched and solidified promptly up to the central
portion during quenching and solidification in casting and,
thereby, segregation does not occur easily in the cast material.

According to the above described manufacturing method
of'the present invention, the following coil material according
to the present invention is obtained. The coil material accord-
ing to the present invention is formed from a cast sheet of
magnesium alloy, has a thickness of 7 mm or less and an
elongation at room temperature of 10% or less, and is coiled
into the shape of a cylinder.

This cast coil material can be coiled having a small diam-
eter in spite of being a cast material having relatively law
toughness. Put another way, the cast coil material has high
strength and, therefore, a high-strength magnesium alloy
structural member can be obtained by using this cast coil
material as a raw material. Furthermore, the size of the cast
coil material can be miniaturized. Consequently, it is
expected that the above described manufacturing method
according to the present invention and the coil material
according to the present invention can contribute to an
improvement of the productivity of a high-strength magne-
sium alloy structural member.

The magnesium alloy sheet according to the present inven-
tion is obtained by subjecting the coil material according to
the present invention to the following various treatments.

(1) A sheet is produced by performing a heat treatment at a
heat treatment temperature Tan (K) satisfying Tan=Tsx0.8 for
a holding time of 30 minutes or more, where the solidus
temperature of the magnesium alloy constituting the coil
material is represented by Ts (K) and the heat treatment
temperature is represented by Tan (K).
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(2) A sheet is produced by using the part constituting
tx90% or more of the thickness t of the coil material.

(3) A sheet is produced by subjecting the coil material to
rolling with a reduction ratio of 20% or less.

The coil material obtained by the manufacturing method
according to the present invention and the coil material
according to the present invention can have long lengths.
Therefore, by using them as raw materials, the raw material
can be fed to a secondary step, e.g., rolling, continuously.
Consequently, by using these cast coil materials, magnesium
alloy structural members including the magnesium alloy
sheet according to the present invention can be produced with
high productivity.

Furthermore, the following coil material coiler according
to the present invention is suitable for use in the above
described method for manufacturing a coil material accord-
ing to the present invention. This coiler is a coil material coiler
to coil the sheet material continuously produced with a con-
tinuous casting machine into the shape of a cylinder. This
sheet material is formed from a magnesium alloy. Moreover,
this coiler is provided with a chuck portion to grasp an end
portion of the above described sheet material and a heating
device to heat the region, which is grasped by the above
described chuck portion, of the above described sheet mate-
rial.

This coiler is provided with the predetermined heating
device and, thereby, the temperature of the sheet material at
the start of coiling and just after start of coiling can be con-
trolled easily.

Advantageous Effects of Invention

According to the method for manufacturing a coil material
of the present invention, the coil material according to the
present invention can be produced with high productivity
easily. The magnesium alloy sheet according to the present
invention can be produced with high productivity by the
method for manufacturing a magnesium alloy sheet accord-
ing to the present invention through the use of the coil mate-
rial according to the present invention. The coil material
coiler according to the present invention is suitable for use in
production of the coil material according to the present inven-
tion.

BRIEF DESCRIPTION OF DRAWINGS

[FIG. 1A] FIG. 1 is a schematic explanatory diagram for
explaining a production step of a coil material according to
the present invention. FIG. 1A shows an example in which a
heating device is provided between a continuous casting
machine and a coiler.

[FIG. 1B] FIG. 1 is a schematic explanatory diagram for
explaining a production step of a coil material according to
the present invention. FIG. 1B shows an example in which a
coiler is provided with a heating device.

[FIG. 2] FIG. 2 is a graph showing the relationship between
the heating temperature T and the surface strain (t/R), where
bending was applied with various bending radii R regarding
production of magnesium alloy cast coil materials having
various thicknesses t in Test example 1-1.

[FIG. 3] FIG. 3 is a graph showing the relationship between
the heating temperature T and the surface strain (t/R), where
bending was applied with various bending radii R regarding
production of magnesium alloy cast coil materials having
various thicknesses t in Test example 1-2.

[FIG. 4A] FIG. 4A is a schematic sectional view showing
an example of a chuck portion provided in a coiler.
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[FIG. 4B] FIG. 4B is a schematic sectional view showing
an example of a chuck portion, where bending nearly along
the shapes of a convex portion and a concave portion is
applied to a sheet material.

[FIG. 5] FIG. 5 is a graph showing the relationship between
the test temperature and the elongation after fracture, where a
twin-roll cast material of the AZ91 alloy was subjected to a
tensile test.

[FIG. 6A] FIG. 6 is a schematic diagram of production
facilities for a magnesium alloy cast coil material shown in
Example 2-1. FIG. 6A is a top view.

[FIG. 6B] FIG. 6 is a schematic diagram of production
facilities for a magnesium alloy cast coil material shown in
Example 2-1. FIG. 6B is a side view.

[FIG. 7] FIG. 7 is a schematic diagram for explaining the
definitions of w and d with respect to a magnesium alloy cast
coil material. Here, w represents the width of a coil material
and d represents a maximum distance between a straight line
circumscribing both end surfaces of the coil material to the
perimeter surface of the coil material.

[FIG. 8A] FIG. 8A is a schematic perspective view sche-
matically showing a cast sheet constituting a magnesium
alloy cast coil material in Example 3-2.

[FIG. 8B] FIG. 8B is a transversal sectional view schemati-
cally showing a casting nozzle used for a method for manu-
facturing a magnesium alloy cast coil material in Example
3-2.

[FIG. 9A] FIG. 9A is a schematic perspective view sche-
matically showing a cast sheet constituting a magnesium
alloy cast coil material in Example 3-3.

[FIG. 9B] FIG. 9B is a transversal sectional view schemati-
cally showing a casting nozzle used for a method for manu-
facturing a magnesium alloy cast coil material in Example
3-3.

[FIG. 10A] FIG. 10 schematically shows the vicinity of an
opening portion of a casting nozzle used for a method for
manufacturing a magnesium alloy cast coil material in
Example 3-4. FIG. 10A is a perspective view.

[FIG. 10B] FIG. 10 schematically shows the vicinity of an
opening portion of a casting nozzle used for a method for
manufacturing a magnesium alloy cast coil material in
Example 3-4. FIG. 10B is a plan view, viewed from the main
body sheet side.

DESCRIPTION OF EMBODIMENTS

The present invention will be described below in more
detail. In the descriptions with reference to the drawings, the
same elements are indicated by the same reference numerals.
Furthermore, dimensional ratios in the drawing do not always
agree with those in the following explanations.

EXAMPLE 1-1

[Cast Coil Material, Magnesium Alloy Sheet]

(Composition)

Examples of magnesium alloys constituting the above
described coil material according to the present invention and
the magnesium alloy sheet according to the present invention
include those having various compositions, in which additive
elements are contained in Mg (the remainder: Mg and impu-
rities). In particular, in the present invention, examples of cast
materials cast continuously include those having various
compositions and satisfying the elongation at room tempera-
ture of 10% or less. Furthermore, compositions satisfying the
tensile strength at room temperature of 250 MPa or more in
addition to the above described specification of elongation are
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preferable. Typical examples of compositions include those
having a total content of additive elements of 7.3 percent by
mass or more. As the additive elements increase, the strength,
the corrosion resistance, and the like become excellent. How-
ever, if the content is too large, defects due to segregation,
cracking due to reduction in plastic formability, and the like
occur easily. Therefore, it is preferable that the total content is
20 percent by mass or less. As for the additive element, for
example, at least one of element selected from the group
consisting of Al, Si, Ca, Zn, Mn, Sr, Y, Cu, Ag, Sn, Li, Zr, Ce,
Be, and rare earth elements (excluding Y and Ce) is men-
tioned.

In particular, a Mg—Al based alloy containing Al has
excellent corrosion resistance, and as the amount of Al
increases, the corrosion resistance tends to become excellent.
However, if the Al content is too large, reduction in plastic
formability is brought about. Therefore, a favorable Al con-
tent of the Mg—Al based alloy is 2.5 percent by mass or more
and 20 percent by mass or less. In particular, 7.3 percent by
mass or more and 12 percent by mass or less is preferable. It
is preferable that the total content of additive elements other
than Al of the Mg—Al based alloy is 0.01 percent by mass or
more and 10 percent by mass or less, and in particular 0.1
percent by mass or more and 5 percent by mass or less.
Regarding the Mg—Al based alloy, intermetallic com-
pounds, such as, Mg, ,Al, ,, are precipitated, and particles of
the precipitates are present while being dispersed uniformly,
so that the strength and the rigidity can increase. Specific
examples of Mg—Al based alloys include AZ based alloys
(Mg—Al—Z7n based alloy, Zn: 0.2 percent by mass to 1.5
percent by mass), AM based alloys (Mg—Al—Mn based
alloy, Mn: 0.15 percent by mass to 0.5 percent by mass), AS
based alloys (Mg—AIl—Si based alloy, Si: 0.3 percent by
mass to 4 percent by mass), and others, e.g., Mg—Al—RE
(rare earth element) based alloys, specified by the American
Society for Testing Materials Standard. Examples of AZ
based alloys include alloys containing 8.3 percent by mass to
9.5 percent by mass of Al and 0.5 percent by mass to 1.5
percent by mass of Zn, typically the AZ91 alloy.

In particular, it is preferable that about 0.01 percent by
mass to 10 percent by mass of at least one of element of Si, Ca,
Zn, and Sn in total is contained because the mechanical char-
acteristics, e.g., the strength, the rigidity, the toughness, and
the heat resistance, of the magnesium alloy can be improved.
Among the above described elements, regarding the Mg—Si
based alloy containing Si and the Mg—Ca based alloy con-
taining Ca, precipitates (Mg,Si, Al, Ca, and the like) are
generated easily as compared with Mg,,Al,,, and it is
expected that a large effect of improving the strength is
exerted by the precipitates. Furthermore, the above described
elements, such as, Si, Ca, Zn, and Sn, are industrially useful
because reserves are relatively large, and the elements are
available inexpensively.

It was ascertained that even when a very small amount,
such as, 1 percent by mass, of the elements listed above other
than Al, Si, Ca, Zn, and Sn are contained, the effect of improv-
ing the characteristics, in particular strength, of the magne-
sium alloy was exerted. However, regarding the cast material,
the toughness tends to become poor.

The above described effect of improve strength due to
dispersion of precipitate particles depends on the content of
the additive elements mainly. For example, regarding Si
which forms an intermetallic compound with Mg, a strength
improving effect 2.71 times (the value obtained by dividing
the atomic weight 76 of Mg,Si by the amount (28x1) in
accordance with the atomic ratio of Si, where the atomic
weight of Mg is specified to be 24 and the atomic weight of Si
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is specified to be 28) the content thereof can be expected.
Regarding Al which forms an intermetallic compound with
Mg, a strength improving effect 2.26 times (the value
obtained by dividing the atomic weight 732 of Mg, Al,, by
the amount (27x12) in accordance with the atomic ratio of Al,
where the atomic weight of Mg is specified to be 24 and the
atomic weight of Al is specified to be 27) the content thereof
can be expected. Furthermore, regarding Ca which forms an
intermetallic compound with Al, a strength improving effect
2.35 times (the value obtained by dividing the atomic weight
94 of Al,Ca by the amount (40x1) in accordance with the
atomic ratio of Ca, where the atomic weight of Al is specified
to be 27 and the atomic weight of Ca is specified to be 40) the
content thereof can be expected. However, in the case where
both Al and Ca are contained, Al 1.35 times (the value
obtained by dividing the amount 54 of Al,Ca in accordance
with the atomic ratio of Al by the amount 40 in accordance
with the atomic ratio of Ca, where the atomic weight of Al is
specified to be 27 and the atomic weight of Ca is specified to
be 40) the content of Ca is consumed for precipitation with Ca
and, therefore, the amount of Al contributing to an improve-
ment of strength is reduced. Consequently, in the case where
both Al and Si are contained, a strength improving effect
specified by 2.71x(Si content)+2.26x(Al content) is
expected. Meanwhile, in the case where at least one of three
elements, Al, Si, and Ca is contained, a strength improving
effect specified by a formula value D=2.71x(Si content)+
2.26x[(Al content) - 1.35 x (Ca content)]+2.35%x(Ca content)
is expected. It can be said that the above described formula
value D represented by using the contents (percent by mass)
of Al, Si, and Ca shows the degree of contribution of Al, Ca,
and Si to the improvement of strength and, in addition, indi-
cates the vulnerability of the magnesium alloy. As a result of
examination of the present inventors, it was found that regard-
ing the cast material satistying D 14.5, cracking did not occur
easily even at a low temperature of 150° C. or lower. Then, as
for the indicator of a preferable content of the additive ele-
ments, it is proposed that the magnesium alloy contains at
least one of element selected from the group consisting of Al,
Ca, and Si and satisfies the above described formula value
D=14.5. In this regard, an element (solid solution type ele-
ment) which forms a solid solution with an a phase of the
magnesium alloy so as to increase strength does not follow
this formula value D.

(Mechanical Characteristics)

The coil material according to the present invention satis-
fies the elongation at room temperature (about 20° C.) of 10%
or less (excluding 0%). As the tensile strength increases, the
elongation tends to become small, and those having the above
described elongation of 5% or less, and furthermore 4% or
less are mentioned depending on the composition of the mag-
nesium alloy. In order to produce the cast coil material stably,
the elongation at room temperature is preferably 0.5% or
more. The cast coil material according to the present inven-
tion has somewhat low elongation at room temperature, but
the surface texture is excellent, as described below. There-
fore, cracking and the like do not occur easily in a tensile test
at high temperatures, and it can be said that a large elongation
at high temperatures is one of the features. For example, the
elongation at 200° C. of 10% or more, and preferably 40% or
more is satisfied. In this regard, in the case where production
is performed by the above described manufacturing method
according to the present invention, the elongation during coil-
ing is in the state of being increased and, therefore, there is no
problem even when the elongation at room temperature of the
cast coil material according to the present invention after
being coiled is somewhat low as described above.
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Moreover, it is preferable that the coil material according to
the present invention is a high-strength material satisfying the
tensile strength at room temperature (about 20° C.) of 250
MPa or more in addition to the above described specification
of'the elongation. The tensile strength of the above described
cast coil material varies mainly depending on the composi-
tion. For example, the tensile strength at room temperature of
280 MPa or more may be satisfied depending on the type and
the content of the additive element.

When the minimum bending radius (typically, diameter
radius of the sheet material coiled into the shape of a cylinder)
of the coil material having a thickness oft according to the
present invention is represented by Rmin, the cast coil mate-
rial is in the state of being provided with a surface strain
represented by t/Rmin, as described later. The cast coil mate-
rial according to the present invention can be in the form of
being provided with a large surface strain, for example, a form
satisfying t/Rmin=0.02, and furthermore a form satisfying
t/Rmin=0.025, by being produced under a specific production
condition, as described above.

(Form)

The coil material according to the present invention is in
the form in which a thin tubular material having a thickness t
of 7 mm or less is coiled in the shape of a cylinder. This cast
coil material is produced by the manufacturing method, in
which the temperature of the tubular material just before
coiling is controlled, as described above, according to the
present invention and, thereby, there is substantially no crack
nor discoloration due to oxidation or the like in the surface
thereof throughout the length including the coiling start place
grasped by the chuck portion of the coiler, and the surface
texture is excellent. More specifically, for example, a form in
which particles of precipitates present in the inside are fine
(average particle diameter: 50 um or less) and a flaw having a
depth of 100 um or more and a width of 100 um or less and
forming an angle of 5° or more with the longitudinal direction
of'the coil material is not present in the surface is mentioned.
Alternatively, a form in which an oxide film is very thin or is
substantially not present is mentioned. Quantitatively, a form
in which the maximum thickness of the oxide film is 0.1 mm
or less, preferably 10 um or less, and more preferably 1 um or
less is mentioned. As the oxide film present on the surface of
the cast coil material becomes thinner, the surface texture
becomes excellent. Therefore, it does not matter that the
whole thickness is not uniform insofar as the maximum thick-
ness satisfies the above described range. In this regard, the
thicknesses of the coil material according to the present
invention and the magnesium alloy sheet according to the
present invention are specified to be average thicknesses,
where thicknesses in the direction orthogonal to the longitu-
dinal direction (the width direction regarding the cast coil
material) are measured at arbitrary points in the longitudinal
direction. In the case where the coiling start place grasped by
the chuck portion of the coiler is taken as a stock allowance
and is not used in after forming, it is allowed that there are
very fine flaws and traces of grasping in the coiling start place
insofar as cracking or the like does not occur throughout the
length of the sheet material other than the coiling start place
grasped by the chuck portion of the coiler.

It is preferable that the length of the sheet material consti-
tuting the coil material according to the present invention is
30 m or more. A more preferable length of the cast material is
50 m or more, and particularly preferable length is 100 m or
more. In the case where the length of the cast material is 30 m
or more, many magnesium alloy structural members can be
produced from one coil material. If many magnesium alloy
structural members can be produced from one coil material, it
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may become possible that one coil material is sufficient for
the coil material to be prepared at a site of production of the
magnesium alloy structural members. In that case, a space for
placing the coil material at the site can be saved, the produc-
tivity of the magnesium alloy structural member is improved,
and the production cost of the magnesium alloy structural
member can be reduced significantly.

The magnesium alloy sheet according to the present inven-
tion is produced from the above described coil material
according to the present invention serving as a raw material
and, therefore, is a thin sheet having a thickness of 7 mm or
less. Examples of specific forms include a form in which the
coil material is cut into a predetermined shape, length, or the
like, a form in which a surface treatment, e.g., polishing, a
corrosion protection treatment, such as, a chemical conver-
sion treatment or an anodization treatment, or painting, is
applied to the cast coil material, a form in which a heat
treatment is applied to the cast coil material, a form in which
plastic forming, e.g., rolling, is applied to the cast coil mate-
rial, and a form in which the above described cutting, the
surface treatment, the heat treatment, the plastic forming, and
the like are applied in combination to the cast coil material
(for example, a form in which cutting—heat
treatment—plastic forming—>surface treatment are applied).

The coil material according to the present invention has
high strength and excellent surface texture, as described
above. Therefore, it is expected that the coil material even in
the form of being cut simply, as described above, can be used
as a magnesium alloy sheet sufficiently. A magnesium alloy
sheet having further excellent surface texture and corrosion
resistance can be produced by applying the above described
surface treatment, so that a commercial value is enhanced. In
the case where the above described surface treatment, e.g.,
polishing, or plastic forming, e.g., rolling, is applied, a mag-
nesium alloy sheet having a thickness smaller than the thick-
ness of the coil material according to the present invention
used as the raw material can be produced. The magnesium
alloy sheet subjected to the above described plastic forming
undergoes work hardening and, therefore, has further excel-
lent strength and rigidity as compared with those of the above
described cast coil material. In this regard, in the case where
only the above described cutting, a corrosion protection treat-
ment, painting, and a heat treatment are applied, the thickness
of the magnesium alloy sheet is substantially the same as the
thickness of the coil material according to the present inven-
tion used as the raw material.

The above described magnesium alloy sheet according to
the present invention can be used as a magnesium alloy struc-
tural member on an as-is basis or be used as a raw material for
producing a magnesium alloy structural member by applying
plastic forming, e.g., press forming, such as, bending or draw-
ing, to this sheet.

[Manufacturing method]

(Method for Manufacturing Coil Material)

The coil material according to the present invention is
produced by coiling a sheet material, which is produced by
feeding a magnesium alloy in a molten state to a continuous
casting machine, with a coiler. At that time, the cast coil
material is obtained by controlling the temperature of the
sheet material just before coiling.

<Casting and Temperature Control of Sheet Material Just
after Casting>

Regarding the continuous casting process, quenching
solidification can be performed and, therefore, even in the
case where the content of the additive elements is large,
segregation, oxides, and the like can be reduced, and a cast
material having excellent plastic formability, e.g., rolling, is
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obtained. As for continuous casting, various methods, e.g., a
twin-roll casting process, a twin-belt casting process, and a
belt and wheel casting process, are mentioned. However, the
twin-roll casting process and the twin-belt casting process are
suitable for production of the sheet material. The twin-roll
casting process is particularly preferable because quenching
solidification can be performed by using a mold exhibiting
excellent rigidity and thermal conductivity and having a large
thermal capacity. Regarding the method, in which both sur-
faces of the cast material are subjected to quenching solidifi-
cation, typified by the twin-belt casting process and the twin-
roll casting process, center line segregation may be generated.
It was ascertained that no problem occurred in use as a raw
material for the above described magnesium alloy structural
member insofar as the presence region of center line segre-
gation was within the range of +20%, and in particular within
the range of +10%, from the center in the thickness direction
of the cast material.

Itis preferable that the cooling rate in casting is 100° C./sec
or more because precipitates generated at the interface of the
columnar crystal can be made fine, such as, 20 um or less.

The thickness of the sheet material cast is specified to be 7
mm or less because if the thickness is too large, segregation
occurs easily. In particular, 5 mm or less is preferable because
segregation can be reduced sufficiently. The lower limit of the
thickness of the sheet material is 1 mm, more preferably 2
mm, and further preferably about 4 mm.

In this casting, it is preferable that the temperature of the
sheet material just after being discharged from the continuous
casting machine is specified to be 350° C. or lower. Conse-
quently, a cast material, which has an excellent surface tex-
ture in such a way that there is substantially no discoloration
(mainly due to oxidation) in the surface and which has a small
number of defects in such a way that center line segregation is
atavery low level, can be obtained. In order to bring this sheet
material to 350° C. or lower, in particular 250° C. or lower in
line, adjustment of the contact time of the molten metal with
the mold (hereafter referred to as a mold contact time) and a
cooling temperature of the mold and, furthermore, disposi-
tion of a forced cooling device at a position downstream from
and close to the continuous casting machine are mentioned.

Most of all, in the case where the twin-roll casting machine
is used, desirably, casting is performed in such a way that the
temperature of the sheet material in the range from the dis-
charge port of the continuous casting machine to 500 mm, in
particular 150 mm, in the moving direction of the sheet mate-
rial becomes 350° C. or lower, and preferably 250° C. or
lower. In the case where casting is performed in such a way
that the temperature becomes 350° C. or lower, and prefer-
ably 250° C. or lower substantially just after discharge from
the continuous casting machine, excessive generation of
impurities in crystal and precipitates and growth of impurities
in crystal and precipitates can be suppressed, and coarse
impurities in crystal and precipitates serving as starting points
of cracking and the like can be reduced. Furthermore, in this
case, the thickness of an oxide film naturally generated on the
surface of the cast material can be specified to be 1 um or less,
and a cast material having an excellent surface texture is
obtained without removing the oxide film in a downstream
operation.

As described above, it is preferable that the temperature of
the sheet material just after being discharged from the con-
tinuous casting machine is lower from the viewpoint of sup-
pression of generation of segregation and growth of particles
constituting the organization. In particular, it is more prefer-
able that the temperature of the sheet material within 500 mm,
especially 150 mm, from the above described discharge port
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reaches 150° C. or lower in the range concerned. However, as
described later, in the case where the temperature of the sheet
material just before coiling is controlled by heating, if the
temperature of the sheet material just after casting is too low,
energy to heat the sheet material to the predetermined tem-
perature just before the coiling increases. Consequently, the
lower limit of the sheet material just after casting is room
temperature or higher, preferably 80° C. or higher, and par-
ticularly preferably about 120° C. or higher. Meanwhile, in
the case where the temperature of the sheet material just
before the coiling is controlled by thermal insulation or the
like without heating the sheet material discharged from the
continuous casting machine, the temperature of the sheet
material just after casting is adjusted in such a way as not to
become lower than the predetermined temperature just before
the coiling and not to become excessively low. Examples
thereofinclude that the temperature is specified to be 150° C.
or higher, and in particular 200° C. or higher and is specified
to be equal to or lower than the temperature of the sheet
material just after casting.

<Temperature Control of Sheet Material in Casting to Coil-
ing>

Regarding the sheet material obtained by the above
described casting, the temperature is adjusted between the
casting machine and the coiler to control the temperature of
the sheet material just before the coiling. This temperature
T (° C.) of the sheet material just before the coiling is specified
to be a temperature at which the surface strain ((t/R)x100)
represented by the thickness t and the bending radius R (mm)
of the sheet material becomes less than or equal to the elon-
gation el (%) at the temperature T (° C.) of the sheet material,
and preferably less than or equal to the elongation el, (%) at
room temperature of the sheet material. It is believed that
cracking associated with coiling of the sheet material occurs
mainly because a surface strain generated in the sheet mate-
rial becomes larger than the elongation of the sheet material.
This elongation of the sheet material increases as the tem-
perature becomes higher, as described above. Therefore, a
cast coil material, in which cracking does not occur easily or
no cracking occurs, can be obtained by controlling the tem-
perature of the sheet material just before the coiling in the
above described manner. In particular, in the case where the
surface strain is relatively large, it is effective to, for example,
control the temperature of the sheet material just before the
coiling, where t/R=0.01. As for more specific minimum bend-
ing radius Rmin, 500 mm or less, more preferably 400 mm or
less, further preferably 300 mm or less, and most of all 250
mm or less is mentioned.

As for this temperature control, specifically, a case where
the temperature just before the coiling is adjusted by cooling
once the temperature of the sheet material just after casting to
a predetermined temperature or lower and, then, performing
heating and a case where the sheet material after casting is not
heated, and a temperature decrease of the sheet material from
the casting machine to the coiler is suppressed by heat insu-
lation, adjustment of the standing time for cooling, and the
like are mentioned.

In the case where the temperature of the sheet material just
before the coiling is controlled by heating, it is preferable that
the above described sheet material is cooled once to 150° C.
or lower between the continuous casting machine and a heat-
ing apparatus to perform the above described heating. In
order to perform this cooling in line, for example, adjustment
of the distance from the discharge port of the continuous
casting machine (as for the twin-roll casting machine, the
point at which sandwiching with a pair of rolls is finished) to
a point at which heating is performed, as described later, the
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mold contact time, and the cooling temperature of the mold,
followed by execution of standing for cooling, is mentioned.
Furthermore, cooling can be performed more effectively by
disposing a forced cooling device between the above
described discharge port and the above described point at
which heating is performed. As for the forced cooling, air
cooling with an air blast, such as, a fan and an issue of cold air
in a jet, wet cooling, such as, mist spraying to spray a liquid
refrigerant, e.g., water and a reducing liquid, and the like are
mentioned.

After the temperature of the sheet material is cooled once to
150° C. or lower, the resulting sheet material is heated and,
thereby, the temperature of the sheet material just before the
coiling is controlled to a predetermined temperature
described later. As for this heating, an appropriate heating
device can be used. Examples of heating devices include an
atmosphere furnace in which a heated gas is filled in a furnace
and is recycled, an induction heating furnace, a direct electri-
cal heating furnace in which a sheet material is directly ener-
gized, a radiant heater, a commercially available electric
heater, and others, such as, a high-temperature liquid dipping
apparatus to perform heating through dipping into a high-
temperature liquid e.g., oil.

As this heating temperature becomes higher, the elonga-
tion of the sheet material is improved, so that even when a
bending radius in coiling is small, cracking and the like does
not occur substantially. However, if the heating temperature is
too high, precipitates may be generated, growth of impurities
in crystal and precipitates may occur, the surface may be
discolored through oxidation or the like, and the cast coil
material after being coiled may be heat shrunk so as to cause
cracking, deformation, and the like. Therefore, the heating
temperature is preferably 350° C. or lower. In this regard, in
the case where the heating temperature is specified to be
higher than 350° C., it is preferable that heating is performed
in an atmosphere having a low oxygen concentration because
oxidation can be prevented. The oxygen concentration in the
atmosphere at this time is preferably less than 10 percent by
volume. However, even in the atmosphere having a low oxy-
gen concentration, if the heating temperature is too high,
problems may occur in that, for example, precipitates may
grow, as described above. Therefore, the heating temperature
is preferably 400° C. or lower.

Meanwhile, in the case where the sheet material after cast-
ing is not heated and a temperature decrease of the sheet
material from the casting machine to the coiler is suppressed,
it is mentioned that, for example, at least a part of the sheet
material from the continuous casting machine to the coiler is
surrounded by a heat reserving material (heat insulating
material). In particular, it is preferable that the temperature of
the sheet material just discharged from the continuous casting
machine is adjusted to a relatively high temperature in the
range ot 350° C. or lower and, thereby, the temperature of the
sheet material just before the coiling is not lowered signifi-
cantly.

Here, the case where bending with a bending radius R, is
applied to the sheet material having a thickness oft is consid-
ered. At this time, a surface strain t/R,, corresponding to the
magnitude of the bending radius R, is applied to the same
sheet material having a thickness oft. Table I show the rela-
tionship between the thickness t (mm) of the sheet material,
the bending radius R, (mm), and the surface strain ((t/R,)x
100 (%)).
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TABLE I
Thickness Bending radius R, (mm)

t (mm) 100 200 300 400 500 600
4.0 4.0% 2.0% 1.3% 1.0% 0.8% 0.7%
5.0 5.0% 2.5% 1.7% 1.3% 1.0% 0.8%
7.0 7.0% 3.5% 2.3% 1.8% 1.4% 1.2%

The elongation (elongation after fracture) of the magne-
sium alloy increases as the temperature is raised. FIG. 5
shows the relationship between the test temperature (° C.) and
the elongation after fracture (%), where a twin-roll cast mate-
rial of the AZ91 alloy was subjected to a tensile test.

Asis clear from FIG. 5, although the twin-roll cast material
ofthe AZ91 alloy has a small elongation at room temperature,
the elongation increases by raising the temperature. Further-
more, in the case where the thickness t of the sheet material is
small and the bending radius R, is small, as shown in Table I,
the surface strain t/Rb is more than the elongation at room
temperature (2.3%) shown in FIG. 5. Consequently, it is clear
that in this case, if coiling is performed at room temperature,
it is difficult to coil because cracking or the like occurs. Then,
in the manufacturing method according to the present inven-
tion, the temperature of the sheet material before the coiling is
controlled appropriately, as described above.

As shown in Table I, the surface strain t/R,, in accordance
with the thickness t and the bending radius R, is applied to the
sheet material. Therefore, it can be said that preferably, the
temperature of the sheet material just before the coiling is set
in accordance with this surface strain. In consideration of
such circumstances, as one form of the present invention, it is
proposed that the temperature of the above described sheet
material is controlled in such a way as to make the the tem-
perature T (° C.) satisfy the following Formula (1), where the
minimum bending radius in coiling with the above described
coiler is represented by Rmin (mm) and the temperature of the
above described sheet material just before coiling is repre-
sented by T (° C.). Moreover, it is preferable that the tempera-
ture of the above described sheet material is controlled in such
a way as to satisty the following Formula (2). In this regard,
t/Rmin is specified to be within the range in which T can take
on a real number.

[Equation 1]
(T — 80)? Formula (1)
+30
L > !
2800 = Rmin
(T — 80)? Formula (2)
+30
450 Lt
4000 = Rmin

Alternatively, it is preferable that the temperature T (° C.)
just before the coiling is specified to be 150° C. or higher in
the case where the surface strain is large, specifically
t/Rmin>0.01, be 120° C. or higher in the case where the
surface strain is relatively small, specifically 0.008<t/
Rmin=0.01, and be 100° C. or higher in the case where the
surface strain is small, specifically t/Rmin<0.008.

The control of the temperature T (° C.) of the above
described sheet material just before the coiling is performed
with respect to at least portions subjected to bending not
satisfying the allowable bending radius of the sheet material
at room temperature regarding whole length of the above
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described sheet material from the coiling start place (typi-
cally, the place grasped by a chuck portion provided in the
coiler) to the coiling finish place. That is, the temperature
control may be applied to whole length of the above described
sheet material from the coiling start place to the coiling finish
place, or the temperature control may be applied to only a part
thereof In the case where the above described sheet material
is coiled with the coiler, the coiling radius increases as the
number of coiled layers increases. Therefore, bending may
satisty the allowable bending radius at room temperature of
the sheet material at the middle stage of coiling. In this case,
the temperature of the above described sheet material may be
controlled from the coiling start place to the middle and,
thereafter, coiling may be performed at room temperature
without control. For example, temperature control may be
applied to only the place grasped by the chuck portion. Alter-
natively, temperature control may be applied throughout the
length from the coiling start place to the coiling finish place.
In the case where coiling is performed while the temperature
is controlled throughout the length, the sheet material can be
coiled in the state in which the elongation of the sheet material
is sufficiently large regardless of the size of the bending
radius. Therefore, an occurrence of cracking and the like can
be suppressed more effectively. In the case where the tem-
perature is controlled throughout the length, the control tem-
perature from the coiling start place to the middle and the
control temperature from the middle and afterward may be
differentiated, or be the same control temperature throughout
the length.

(Coiler)

In particular, in the case where the coiling start place of the
above described sheet material is heated, the following coiler
according to the present invention is suitable for use. The
coiler according to the present invention is a coil material
coiler to coil the sheet material continuously produced by the
continuous casting machine into the shape of a cylinder, and
is provided with a chuck portion to grasp an end portion of the
above described sheet material and a heating device to heat
the region grasped by the above described chuck portion in
the above described sheet material. Even in the case where
bending with a minimum bending radius is applied by the
above described chuck portion to the sheet material formed
from a magnesium alloy, the region grasped by the chuck
portion in the above described sheet material, that is, the
coiling start place, can be heated easily. The heating device is
disposed in such a way that this coiling start place is grasped
by the chuck portion after being heated sufficiently. It is
believed that an electric heater is used easily as this heating
device. In this regard, it is preferable to use sliding contacts or
the like because the wiring of the heating device may be
twisted by arotation of a winding drum. Heating by a heating
device provided in the coiler and heating by a heating device
disposed between the continuous casting machine and the
coiler may be used in combination.

(Method for Manufacturing Magnesium Alloy Sheet)

The cast coil material obtained by the above described
manufacturing method according to the present invention has
an excellent surface texture, as described above. Therefore,
for example, the above described cast coil material is pre-
pared and the magnesium alloy sheet can be produced by
using the part constituting tx90% or more of the thickness t of
the above described cast coil material. More specifically, this
magnesium alloy sheet can be produced by appropriate cut-
ting and the like substantially without a treatment, e.g., pol-
ishing, or after performing a simple polishing treatment in
which the amount of removal due to polishing can be made
small. As described above, by using the cast coil material
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according to the present invention, a magnesium alloy sheet
having an excellent surface texture can be produced with high
productivity. The resulting magnesium alloy sheet has the
same level of the thickness and the same level of strength and
toughness as those of the cast coil material serving as the raw
material.

Alternatively, the above described cast coil material is pre-
pared, the above described cast coil material is subjected to
rolling with a reduction ratio of 20% or less, so that the
magnesium alloy sheet according to the present invention can
be produced. As for such rolling with a low degree of forming,
the above described cast coil material can be subjected to
rolling on an as-is basis without being subjected to a heat
treatment or the like in advance. The resulting magnesium
alloy sheet has undergone plastic hardening and has strength
still higher than that of the cast coil material. Therefore, a
stronger magnesium alloy sheet can be produced with high
productivity by using the cast coil material according to the
present invention. Regarding both the above described rolling
and rolling with a high degree of forming, as described later,
cracking and the like do not occur easily when they are
performed after the raw material is heated to 300° C. or lower,
and in particular 150° C. or higher and 280° C. or lower. In
this regard, the reduction ratio is a value represented by {(t,—
t;)/ty} x100, where the thickness of the raw material before
rolling is represented by t, and the thickness of the rolled
sheet after rolling is represented by t,, and refers to a total
reduction ratio in the present specification.

Alternatively, the magnesium alloy sheet according to the
present invention can be produced by preparing the above
described cast coil material and applying a heat treatment at a
heat treatment temperature Tan (K) satisfying Tan=Tsx0.75
for a holding time of 30 minutes or more, where the solidus
temperature of the magnesium alloy constituting the cast coil
material is represented by Ts (K) and the heat treatment
temperature is represented by Tan (K). It is preferable that the
heat treatment temperature: Tan satisfies Tsx0.80K or more
and Tsx0.90K or less because a magnesium alloy sheet exhib-
iting excellent toughness is obtained. The holding time is
preferably 1 hour to 20 hours and a longer holding time is
preferable as the content of additive elements becomes larger.
This heat treatment typically corresponds to a solution treat-
ment, the composition is homogenized and, in addition, the
toughness is enhanced by second formation of solid solution
of precipitates. Furthermore, by employing the above
described specific heating temperature, a concentrated phase
of additive elements can be diffused to some extent at inter-
faces of crystals constituting the cast organization by a heat
treatment for even a short time of about 30 minutes and an
effect of improving the toughness is obtained because of this
diffusion effect. Therefore, a magnesium alloy sheet exhibit-
ing more excellent toughness can be produced with high
productivity by performing the above described specific heat
treatment. In this regard, it is preferable to increase the cool-
ing rate by using, for example, forced cooling, e.g., water
cooling and an air blast, in a step of cooling after the above
described holding time because precipitation of coarse pre-
cipitates can be suppressed.

Regarding the sheet subjected to the above described heat
treatment, the toughness is enhanced, so that, for example,
rolling with a larger reduction ratio (total reduction ratio) can
be applied. That is, by applying rolling with a reduction ratio
of 20% or more after the above described heat treatment, a
magnesium alloy sheet exhibiting higher strength can be pro-
duced with high productivity. The reduction ratio can be
selected appropriately. Application of a plurality of times of
(multi-pass) rolling can produce a thinner sheet and, in addi-
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tion, an average crystal grain size of the sheet is made small
and the plastic formability, e.g., press forming, can be
enhanced.

In the case where multi-pass rolling is performed, if an
intermediate heat treatment is performed between passes to
remove or reduce the strain, the residual stress, an aggrega-
tion structure, and the like introduced into the raw material
through plastic forming (mainly rolling) up to this interme-
diate heat treatment, unprepared cracking, strain, and defor-
mation in rolling thereafter are prevented and rolling can be
performed more smoothly. As for the intermediate heat treat-
ment, for example, a heating temperature of 150° C. to 350°
C. and a holding time of 0.5 hours to 3 hours are mentioned.

Application of a final heat treatment (final annealing) or
application of warm straightening to the above described
sheet (rolled sheet) subjected to rolling enhances plastic
formability, e.g., press forming, and is preferable in the case
where the sheet is used as the raw material to be subjected to
the above described plastic forming Moreover, a heat treat-
ment is applied after the above described plastic forming and,
thereby a strain and a residual stress introduced through plas-
tic forming can be removed and the mechanical characteris-
tics can be improved. In addition, it is possible to perform
polishing, a corrosion protection treatment, painting, and the
like after the above described rolling, after the above
described final heat treatment, after the warm straightening,
after the above described plastic forming, or after the heat
treatment following the above described plastic forming, so
as to further improve the corrosion resistance, ensure
mechanical protection, and enhance a commercial value.

TEST EXAMPLE 1-1

Cast coil materials were produced by heating magnesium
alloy cast materials having various thicknesses to various
temperatures during coiling and performing coiling with vari-
ous sizes of bending radii. Then, the surface states of the
resulting cast coil materials were examined

As for this test, a molten metal of a magnesium alloy was
prepared, as shown in FIG. 1A, continuous casting was per-
formed with a continuous casting machine 110, a sheet mate-
rial 1 having a thickness t shown in Table II was produced by
adjusting the distance between a pair of rolls serving as a
mold, the sheet material 1 was coiled into the shape of a
cylinder with a coiler 120 disposed downstream from the
continuous casting machine 110, so as to form a cast coil
material. Here, magnesium alloys having a composition (Mg-
9.0% Al-1.0% Zn, formula value D=14.5 is satisfied) corre-
sponding to the AZ91D alloy on the basis of the American
Society for Testing Materials Standard, a composition (Mg-
3.0% Al-1.0% Zn) corresponding to the AZ31B alloy, a com-
position (Mg-4.0% Al-1.6% Si) corresponding to the AS42
alloy, and a composition (Mg-5.0% Al-1.7% Ca) correspond-
ing to the AX 52 alloy were prepared (all the additive materials
were in percent by mass). In this regard, each alloy having any
thickness t was prepared in such a way that a sheet material
having a whole length of 50 m was able to be produced.
Furthermore, a twin-roll casting machine was used here as the
continuous casting machine 110.

The continuous casting machine 110 has a water-cooled
movable mold (roll) and can quench and solidify a molten
metal. A pair of rolls are rotated by a rotation mechanism,
although not shown in the drawing. The coiler 120 includes a
winding drum 121 and a rotation mechanism (not shown in
the drawing) to rotate the winding drum 121, the continuously
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cast sheet material 1 is moved to the coiler 120 side by the
rotation of the winding drum 121, and finally the sheet mate-
rial 1 is coiled.

In this test, the time of contact of the molten metal with the

roll was adjusted and, in addition, the cooling temperature of 3

the roll was adjusted in such a way that the temperature of the
range A from a discharge port of the continuous casting
machine 110 up to 150 mm in the moving direction of the
sheet material 1 became 140° C. to 150° C. That is, the sheet
material 1 was cooled through natural standing to cool. Then,
a heating device 130 was disposed in such a way that the sheet
material 1 between the point at which the sheet material 1 was
cooled to 150° C. or lower (the point at a distance of 150 mm
from the discharge port) and coiling with the coiler 120 was
able to be heated, and the sheet material 1 was heated to reach
the temperature shown in Table II (here, 100° C., 120° C.,
150° C., and 200° C.). In this regard, as for the heating device
130, a commercially available electric heater was used.
Regarding the above described heating temperature, the tem-
perature of the sheet material 1 was measured with thermom-
eters (not shown in the drawing) during heating and just after
heating, and the heating device 130 was adjusted in such a
way that the sheet material 1 came into the range of not being
burned nor oxidized. In addition, the surface temperature of
the sheet material 1 just before being coiled by the coiler 120
was measured with a thermometer 125 and the heating device
130 was adjusted in such a way that the measured temperature
became the temperature shown in Table II. As for the ther-
mometer 125, a commercially available non-contact type
thermometer was used.

Meanwhile, as for the winding drum 121 of the coiler 120
in this test, winding drums having various radii were pre-
pared. The sheet material 1 was coiled, where the radius of the
winding drum was taken as the minimum bending radius
Rmin, and possibility of coiling and the surface state of the
coiled cast coil material were examined. The results thereof
are shown in Table II and FIG. 2. In Table II and FIG. 2, a
symbol x indicates that the sheet material was not able to be
coiled because of breakage or large amounts of cracks, a
symbol A indicates that coiling was possible, but cracks were
observed in a part of the surface, and a symbol O indicates
that coiling was possible and there was substantially no crack
throughout the length. Presence or absence of crack was
visually examined.

Furthermore, in this test, a stainless steel thin sheet was
connected to the end edge portion of the coiling start place of
the sheet material 1, and this thin sheet serving as a lead sheet
was coiled on the coiler 120, so that bending of the coiling
start place was made larger than the minimum bending radius

Rmin shown in Table II.
TABLE II
Minimum
Alloy bending
Thick- species radius Surface Heating temperature
ness (ASTM Rmin strain TCC)
t (mm) Standard) (mm) t/Rmin 100 120 150 200
45 AZ91D 300 0.015 X X A O
AZ91D 400 0.01125 A A O O
AZ91D 500 0.009 A O O O
AZ91D 600 0.0075 O O O O
4 AZ91D 300 0.013333 A A O O
AZ91D 400 0.01 A A O O
AZ31B 500 0.008 O O O O
AZ91D 500 0.008 A O O O
AS42 500 0.008 A O O O
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TABLE II-continued
Minimum
Alloy bending
Thick- species radius Surface Heating temperature
ness (ASTM Rmin strain T(CC)
t (mm) Standard) (mm) t/Rmin 100 120 150 200
AX52 500 0.008 A O O O
AZ91D 600 0.006667 O O O O
AS42 600 0.006667 O O O O
AX52 600 0.006667 O O O O
3.5 AZ91D 300 0.011667 A A O O
AZ91D 400 0.00875 A O O O
AZ91D 500 0.007 O O O O
AZ91D 600 0.005833 O O O O

As is clear from Table II and FIG. 2, in the case where the
surface strain t/Rmin is small, bending can be performed
sufficiently even when the heating temperature is low. In
particular, it is clear that preferably, the heating temperature T
is 150° C. or higher as for the surface strain t/Rmin>0.01,
120° C. or higher as for 0.008<t/Rmin=0.01, and 100° C. or
higher as for t/Rmin<0.008.

Regarding the magnesium alloy cast coil material indi-
cated by the symbol O in Table 11, a tensile test (gauge length
GL: 30 mm) was performed on the basis of the specification
of JIS Z 2241 (1998), so that the tensile strength and the
elongation were examined at room temperature. As a result,
regarding every sample subjected to the tensile test, the ten-
sile strength was 251 MPa to 317 MPa, that is, 250 MPa or
more, and the elongation was 0.5% to 8.1%, that is, 10% or
less.

As is clear from Table II and FIG. 2, as the heating tem-
perature T was raised, cracking and the like did not occur, and
a cast coil material having an excellent surface texture was
produced. Then, the temperature was further raised and, as a
result, discoloration of the surface was significant when 350°
C. was exceeded. Consequently, it can be said that the heating
temperature T is preferably 350° C. or lower.

TEST EXAMPLE 1-2

Regarding production of the cast coil material as in Test
example 1-1, the heating temperature at which coiling was
able to be performed without an occurrence of cracking was
examined in the case where the surface strain was large. The
results thereof are shown in Table III and FIG. 3.

In this test, the same magnesium alloys as those in Test
example 1-1 (those having compositions corresponding to the
AZ91D, the AZ31B, the AS42, and the AX52 alloys specified
in the American Society for Testing Materials Standard) were
prepared. Regarding the case where the surface strain
t/Rmin>0.01, as shown in Table II1, the heating temperature at
which coiling was able to be performed without an occur-
rence of cracking was measured as in Test example 1-1.
Furthermore, regarding the magnesium alloy cast coil mate-
rial, the tensile strength and the elongation at room tempera-
ture obtained as in Test example 1-1 were examined. The
results thereof are also shown in Table III.

In this test, in the case where the minimum bending radius
Rmin was small, bending applied by a chuck portion provided
in a coiler was assumed rather than the radius of a winding
drum of the coiler. FIG. 4A shows an example of the chuck
portion. A chuck portion 122 has a pair of grasping pieces
122a and 1225 holding the coiling start place of the sheet
material 1. One grasping piece 1224 has a convex portion
123a and the other grasping piece 1225 has a concave portion
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1235 fitted to the convex portion 123a. The sheet material 1 is
inserted between the convex portion 123« and the concave
portion 1235, the convex portion 123« and the concave por-
tion 1235 are engaged, a predetermined pressure is applied
and, thereby, bending along the convex portion 123a and the
concave portion 1235 is applied to the sheet material 1, so that
the sheet material 1 is held between the convex portion 1234
and the concave portion 1235 firmly. Consequently, as shown
in FIG. 4B, bending nearly along the shapes of the convex
portion 123a and the concave portion 1235 is applied to the
sheet material 1.

Then, in this test, as shown in FIG. 1B, in order that the
region, in which the sheet material 1 was grasped by the chuck
portion (not shown in the drawing), was able to be heated on
the winding drum 121 of the coiler 120, the winding drum 121
provided with a heating device 131 to heat the above
described region was included in the coiler 120 used. Subse-
quently, as in Test example 1-1, the surface temperature of the
sheet material 1 just before coiling by the coiler 120 was
measured with the thermometer 125, and a heating tempera-
ture at which the region grasped by the chuck portion (coiling
start place) of the sheet material 1 was able to be coiled
without breakage was measured. In this regard, in this test, the
radius of the winding drum was specified to be 600 mm.
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satisfies Formula (1-1) described above, and more preferably
satisfies Formula (2-1) described above.

[Equation 2]
(T - 80)° Formula (1-1)
w0 Y o
2800 Rmin
(T - 80)° Formula (2-1)
w0 Y o
4000 Rmin

Moreover, Formula (1-1) and Formula (2-1) were super-
posed on the graph shown in FIG. 2 of the experimental data
determined in Test example 1-1. As aresult, it can be said that
regarding the range of t/Rmin=0.01 as well, the heating tem-
perature T preferably satisfies Formula (1-1) described above,
and more preferably satisfies Formula (2-1) described above.

TEST EXAMPLE 1-3

A magnesium alloy sheet was produced by using the mag-
nesium alloy cast coil material obtained in Test example 1-1.

TABLE III
Minimum
Alloy bending
species Surface radius Heating Tensile
Sample (ASTM strain Thickness Rmin temperature strength Elongation
No. Standard) t/Rmin t (mm) (mm) T(¢C) (MPa) (%)
2-1 AZ91D 0.011667 35 300 120 325 6.3
2-2 AZ91D 0.013333 4 300 120 315 7.3
2-3 AZ91D 0.015 4.5 300 150 309 6.8
2-4 AZ91D 0.035 7 200 260 285 2.5
2-5 AZ91D 0.04 4 100 320 301 8.2
2-6 AZ91D 0.06 6 100 330 299 8.5
2-7 AZ91D 0.07 7 100 350 302 8.3
2-8 AZ31B 0.035 7 300 120 225 33
2-9 AZ31B 0.013333 4 300 260 235 9.7
2-10 AS42 0.013333 4 300 125 263 5.0
2-11 AS42 0.013333 4 300 260 272 4.3
2-12 AS42 0.035 7 300 345 270 3.8
2-13 AXS52 0.013333 4 300 120 282 5.9
2-14 AXS52 0.013333 4 300 260 279 5.6

The relationship between the surface strain t/Rmin and the
heating temperature T was studied from the obtained data.
Regarding the experimental data shown in FIG. 3, samples
excluding Sample Nos. 2-5, 2-8, 2-9, 2-11, 2-12, and 2-14,
which took on peculiar values, were used and an approximate
equation of the relationship between the surface strain t/Rmin
and the heating temperature T was considered. In the range of
the t/Rmin of less than 0.1, as indicated by a broken line
shown in FIG. 3, the t/Rmin was able to be interpreted as a
quadratic function, where a variable was T. Therefore, a and
b were taken as coefficients, and a and b satisfying a quadratic
equation, t/Rmin=axT>+b were determined. Here, a and b
were calculated on the basis of primary approximate equation
of t/Rmin and T? by using a commercially available statistical
analysis software “Excel Toukei (Excel Statistics)”. As a
result, the following Formula (1-1) was obtained.

Furthermore, the numerator of this Formula (1-1) was
fixed, and an equation along Sample No. 2-5 was determined
by the above described software. As a result, the following
Formula (2-1) was obtained. In consideration of these For-
mula (1-1), Formula (2-1), and the results of Test example
1-1, it can be said that the heating temperature T preferably
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In this test, the cast coil material which was produced in the
Test example 1-1 and which had the thickness t: 4 mm, the
minimum bending radius Rmin: 500 mm, and the heating
temperature: 150° C. was prepared as a raw material. Mag-
nesium alloy sheets were produced by applying rolling with
various reduction ratios (5% to 30%), and possibility of roll-
ing and the surface texture of the resulting magnesium alloy
sheet were examined The results thereof are shown in Table
IV. The surface state was examined visually or by using a
stereomicroscope, and in the case where judgment was diffi-
cult, the surface state was examined by color check (a method
in which determination was performed through coloration by
using a visible dye penetrant). Regarding “crack” of the sur-
face state shown in Table IV, a symbolxindicates that cracks
occurred to a great extent, a symbol A indicates that fine
cracks were observed to some extent, and a symbol O indi-
cates that substantially no crack occurred. Regarding “discol-
oration” of the surface state shown in Table IV, a symbol O
indicates the case where the appearance had a gloss, a symbol
A indicates the case where the appearance had no gloss, and
a symbolxindicates the case where the appearance had no
gloss and as a result of observation of a cross-section with a
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microscope, an oxide film having a maximum thickness of
more than 1 um was generated. In this regard, when a cross-
section of the sample having a glossy appearance was
observed with a microscope, the maximum thickness of an
oxide film was 1 pum or less.

In this test, as shown in Table IV, a part of samples were
subjected to the heat treatment shown in Table IV before
rolling and, thereafter, rolling was performed. In this regard,
rolling of every sample was performed while the heating

24

rial of Sample No. 3-15 which had been rolled after the
surface was polished, as described above, had nearly the same
characteristics as those of the rolled material of Sample No.
3-8. Consequently, it was ascertained that the magnesium
alloy sheet (here, rolled material) having a thickness of tx90%
or more relative to the thickness t of the above described cast
coil material was produced by coiling the cast material in the
state of having a sufficient elongation because of heating.

temperature of the raw material sheet was specified to be 250° 10 TEST EXAMPLE 1-4
C.10 280° C. and the roll temperature was specified to be 100°
C. 10 250° C. Meanwhile, regarding Sample No. 3-15, a dent Next, a test example in which a sheet material after casting
having a depth of less than 0.1 mm was generated in the was coiled without performing heating between a continuous
surface of the cast material before coiling. This cast material casting machine and a coiler will be described. In the present
was coiled after the temperature was raised, as described 15 example, casting was performed in such a way that the tem-
above, and the surface after coiling was examined As a result, perature of the sheet material just after being discharged from
the size of the dent was not changed between before and after the continuous casting machine became 200° C., and coiling
coiling. Therefore, Sample No. 3-15 was subjected to belt of'the sheet material was performed while the whole length of
polishing before rolling, so as to remove a surface layer the sheet material until the sheet material was introduced into
portion and, thereby, remove the above described dent. Here, 20 the coiler was surrounded by a heat insulating material. In the
the surface layer portion having a thickness of 0.15 mm of present example, a molten metal formed from a magnesium
each of the front and the back surfaces of the cast material, alloy having a composition corresponding to the AZ91D was
that is, 0.3 mm in total of surface layer portion was removed. cast through twin-roll casting, and the resulting sheet material
The thickness of the resulting magnesium alloy sheet was 3.7 having a thickness of 4 mm and a width of 250 mm was taken
mm and, therefore, satisfies 90% or more of the thickness of 25 as a sample. The temperature of the sheet material just before
the magnesium alloy cast coil material of 4 mm. rolling was 150° C. As a result, it was ascertained that coiling
TABLE IV
Cutting of
Alloy species  front
Sample (ASTM and back Heat treatment Reduction Surface state
No. Standard) surfaces condition ratio (%) Crack Discoloration
3-1 AZ91D none none 5 O O
3-2 AZ91D none none 10 O O
3-3 AZ91D none none 20 X O
3-4 A7Z91D none 300° C. x 24 hours 20 A O
3-5 A7Z91D none 350° C. x 24 hours 20 O X
3-6 A7Z91D none 350° C. x 0.45 hours 20 X O
3-7 AZ91D none 350° C. x 0.5 hours 25 O O
3-8 AZ91D none 320° C. x 24 hours 35 O O
39 A7Z91D none 350° C. x 24 hours 35 O X
3-10 A7Z91D none 405° C. x 2 hours 35 O X
3-11 AS42 none none 20 X O
3-12 AS42 none 350° C. x 24 hours 20 O X
3-13 AX52 none none 20 X O
3-14 AXS52 none 350° C. x 24 hours 20 O X
3-15 AZ91D total 0.3 mm  320° C. x 24 hours 35 O O

As is clear from Table 1V, in the case where the above
described cast coil material is subjected to rolling with a
reduction ratio of less than 20%, the cast coil material can be
used as a raw material on an as-is basis without being sub-
jected to a heat treatment or the like. On the other hand, it is
clear that in the case where rolling with a reduction ratio of
20% or more is applied, preferably, aheat treatment is applied
before rolling. In particular, it can be said that this heat treat-
ment satisfies Tan=Tsx0.8~594 K~321° C., where the solidus
temperature of the magnesium alloy constituting the above
described cast coil material is represented by Ts (K) (about
743 K=~470° C. as for AZ91D) and the heat treatment tem-
perature is represented by Tan (K), the holding time is pref-
erably 30 minutes or more (0.5 hours or more), and more
preferably, Tan=Tsx0.9=669 K~396° C. is satisfied.

Furthermore, the tensile strength of the magnesium alloy
sheet including no crack or the like was measured and, as a
result, the strength was still higher than the strength of the
above described cast coil material. Moreover, the rolled mate-

was possible without an occurrence of cracking in the sheet
material even when the minimum bending radius Rmin was
300 mm. Furthermore, the test was performed with respect to
a sheet material having a high heat dissipation effect because
of a smaller thickness and a large specific surface area. As a
result, a sheet material having a thickness of 3 mm and a width
01250 mm was heat insulated in such a way that the tempera-
ture just before coiling became 150° C. and was coiled. Con-
sequently, it was ascertained that coiling was possible without
an occurrence of cracking in the sheet material even when the
minimum bending radius Rmin was 200 mm.

EXAMPLE 2-1

Next, a method for manufacturing a magnesium alloy cast
coil material, the method being suitable for use in casting and
coiling of sheet materials in Example 1-1 described above and
other examples described later, as a matter of course, and
being widely applicable to production of magnesium alloy
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cast coil materials regardless of the presence or absence of the
conditions specified in these examples, and a magnesium
alloy cast coil material obtained by the method will be
described. According to this technology, a magnesium alloy
cast coil material coiled tightly in such a way that gaps are not
formed between individual turns of the coil material easily
can be obtained.

The present inventors produced the magnesium alloy cast
coil material by coiling the cast material of the magnesium
alloy actually. As a result, it was made clear that not only the
quality of the cast material in itself, but also the shape and the
form were important for the coil material in the case where the
magnesium alloy cast coil material produced by coiling the
cast material was subjected to secondary forming, e.g., roll-
ing and polishing.

In the case where the magnesium alloy cast material having
poor formability at ambient temperature to relatively low
temperatures is coiled, gaps are formed easily between turns
of the coil material because of a reaction force of the cast
material with respect to bending in coiling. If gaps are present
between turns, for example, when the coil material is uncoiled
and subjected to secondary forming, e.g., rolling, problems
may occur in that, for example, the uncoiled cast material is
moved from side to side, so as to degrade the quality of
fabricated articles.

Furthermore, if gaps are present between turns of the coil
material, for example, when the coil material is subjected to a
treatment to form a solid solution and is water-cooled, the
cooling water enters into the gaps, so that partial corrosion or
discoloration may occur in the coil material.

In consideration of the above described problems, the
inventors of the present invention performed various studies.
As a result, it was found that in production of the magnesium
alloy cast coil material, gaps were not formed easily between
turns of the resulting magnesium alloy cast coil material by
controlling the temperature distribution in the width direction
of'the cast material just before coiling and the coiling tension
in appropriate ranges. The following magnesium alloy cast
coil material and the method for manufacturing the same are
specified on the basis of the above described findings.

[Magnesium Alloy Cast Coil Material|

This magnesium alloy cast coil material is formed by coil-
ing long lengths of magnesium alloy cast material, and the
maximum distance, which is represented by d, among dis-
tances from a straight line circumscribing both end surfaces
of'the coil-shaped cast material to the perimeter surface of the
coil-shaped cast material and the width, which is represented
by w, satisfy 0.0001 w<d<0.01 w. Moreover, the perimeter
surface of the coil-shaped cast material is located in the side
nearer to a core portion of the coil-shaped cast material than
is the above described straight line.

This magnesium alloy cast coil material is in the shape of a
Japanese hand drum in which the intermediate portion in the
width direction thereof is dented, and is a magnesium alloy
cast coil material in which the dent is specified to be within
the above described range. As a result of research of the
present inventors, it was made clear that in the case where the
dent in the intermediate portion in the width direction of the
magnesium alloy cast coil material was in the above
described range, the coil material was coiled tightly and gaps
formed between turns of the coil material were very small.
Consequently, when a sheet cast material produced by uncoil-
ing the magnesium alloy cast coil material is subjected to
secondary forming, the cast material can be fed to the sec-
ondary forming step stably and, thereby, fabricated articles
having excellent quantity can be produced. Furthermore,
when this magnesium alloy cast coil material is subjected to
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a treatment to form a solid solution and is water-cooled there-
after, the cooling water does not enter the gaps between turns
of the coil material easily, so that partial corrosion of the
magnesium alloy cast coil material resulting from the cooling
water can be suppressed.

Moreover, according to the magnesium alloy cast coil
material in the shape of a Japanese hand drum in which the
intermediate portion in the width direction is dented, a steel
band for preventing uncoiling of the coil does not easily come
off the coil material and, therefore, the coil material is
handled very easily when being subjected to secondary form-
ing or being shipped to a customer.

The configuration of this magnesium alloy cast coil mate-
rial will be described below in detail.

The gap between turns in the magnesium alloy cast coil
material is preferably 1 mm or less. A small gap between the
turns refers to high flatness of the cast material constituting
the coil material (that is, there are small variations in thick-
ness of the cast material). Consequently, in the case where a
cast material produced by uncoiling this coil material is sub-
jected to secondary forming, fabricated articles having excel-
lent quantity can be produced. A preferable value of the gap is
0.5 mm or less.

Meanwhile, it is preferable that variations in sheet thick-
ness of the cast material constituting this magnesium alloy
cast coil material are +0.2 mm or less. Variations in sheet
thickness may be determined on the basis of, for example,
measurement results of at least 10 points at predetermined
intervals (for example, every 10 m) in the longitudinal direc-
tion of the cast material. In this regard, with respect to the
individual measurement points in the longitudinal direction,
it is preferable that an average of the results of sheet thickness
measurement of at least three points, that is, both edge por-
tions in the width direction of the cast material and an inter-
mediate portion, is determined For example, a center sensor
to measure the thickness of the intermediate portion in the
width direction of the cast material and a pair of side sensors
to measure the respective thicknesses of both edge portions in
the width direction of the cast material are disposed on a
straight line in the width direction and, thereby, thicknesses of
three places in the width direction every 10 m of the cast
material are measured and averaged. Then the resulting aver-
age thicknesses every 10 m of the cast material are compared
and it is enough that variations in sheet thickness are +0.2 mm
or less. Here, the variations in sheet thickness in the width
direction of the cast material are preferably +0.05 mm or less.
In this regard, the thickness in the vicinity of the side edge
portion of the cast material is not stable and, therefore, the
position of measurement with the side sensor is specified to be
20 mm or more inside from the side edge of the cast material.

Small fluctuation in sheet thickness of the cast material of
the coil material is synonymous with small unevenness of the
cast material and, therefore, it can be said that the flatness of
the cast material of the coil material is high. That is, it can be
said that regarding the magnesium alloy cast coil material
formed by tightly coiling the cast material with small fluc-
tuation in sheet thickness, gaps formed between individual
turns are very small.

As for the cast material constituting this magnesium alloy
cast coil material, the same composition, mechanical charac-
teristics, and forms as those of the sheet material in Example
1-1 can be used.

[Method for Manufacturing Magnesium Alloy Cast Coil
Material |

The above described magnesium alloy cast coil material
can be produced by a method for manufacturing a magnesium
alloy cast coil material described below.
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This method for manufacturing a magnesium alloy cast
coil material satisfies the following conditions in a process to
continuously produce a sheet cast material formed from a
magnesium alloy with a continuous casting machine and
produce a magnesium alloy cast coil material by coiling the
resulting sheet cast material into the shape of a cylinder.

Variations in temperature in the width direction of the cast
material just before coiling is specified to be within 50° C. and
the temperature of the cast material is controlled in such a way
that the temperature of the intermediate portion in the width
direction of the cast material becomes higher than the tem-
perature of both edge portions.

The cast material is coiled by applying a coiling tension of
300 kgf/cm? or more.

In this regard, it is preferable that the temperatures of both
edge portions in the width direction of the cast material are the
measurement results at positions 20 mm or more from the side
edge of the cast material toward the intermediate portion in
the width direction. This is because fluctuation in temperature
of the side edge of the cast material is large.

In the case where the temperature of the intermediate por-
tion in the width direction of the cast material to be coiled is
specified to be a temperature higher than the temperature of
both edge portions in the same width direction, the above
described both edge portions are cooled easily prior to the
intermediate portion, and the resulting magnesium alloy cast
coil material tends to take on the shape of a Japanese hand
drum in which the intermediate portion in the width direction
thereof is dented. Furthermore, in the case where a tempera-
ture difference is provided in the width direction of the cast
material, the temperature difference is specified to be within
50° C. and, in addition, the coiling tension in coiling of the
cast material is specified to be constant, 300 kgf/cm? or more,
both edge portions of the coiled cast material are not warped
excessively in the perimeter direction of the coil material and
it is possible to tightly coil in such a way that gaps, which are
heterogeneous in the width direction of the coil material, are
not formed easily between turns of the resulting magnesium
alloy cast coil material. The temperature difference is more
preferably within 15° C.

Moreover, according to this method for manufacturing a
magnesium alloy cast coil material, regarding even a magne-
sium alloy cast coil material formed by coiling 30 m or more
of cast material, gaps are not formed easily between turns of
the coil material. According to the manufacturing method
concerned, 100 m or more of cast material can be coiled into
the shape of a coil.

In order to control the temperature of the cast material just
before coiling in this method for manufacturing a magnesium
alloy cast coil material, approximately, at least one of the
following three items may be performed.

The first item is to control the cooling temperature in pro-
duction of the sheet cast material from the molten metal with
the continuous casting machine. For example, in the case
where the continuous casting machine is a twin-roll type
continuous casting apparatus, control of the temperature of
the casting roll and control of the casting speed and the
temperature of the molten metal are mentioned.

The second item is to control natural cooling of the cast
material from the continuous casting machine up to the coiler.
For example, reduction of a section from the continuous
casting machine to the coiler or enhancement of the herme-
ticity and the heat insulating property of the section are men-
tioned. Usually, both edge portion sides in the width direction
of'the cast material are cooled easily. Therefore, it is favorable
to moderate cooling of both side edge portions.
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The third item is to heat the cast material again before
coiling with the coiler. Reheating can control the temperature
in the width direction of the cast material easily. This reheat-
ing contributes to, for example, facilitation of coiling of the
high-rigidity AZ91 alloy on the basis of the American Society
for Testing Materials.

Meanwhile, the coiling tension in this method for manu-
facturing a magnesium alloy cast coil material may be
selected appropriately in accordance with the cross-sectional
area of the cast material, but it is preferable to set at a high
level in general. For example, it is preferable that the coiling
tension is specified to be constant, 450 kgf/cm® or more.
However, if the coiling tension is too high, unexpected defor-
mation of the cast material may be caused. Therefore, it is
favorable that the coiling tension is specified to be 125 [kgf/
(cm*-em?)]xS (cm?: cross-sectional area of cast material) or
less.

As for one form of this method for manufacturing a mag-
nesium alloy cast coil material, it is preferable that the tem-
perature of the intermediate portion in the width direction of
the cast material just before coiling and the temperatures of
both edge portions are kept within the range 0o 150° C. t0 350°
C. In the case where the temperature of the cast material just
before coiling is specified to be within the range 0f 150° C. to
350° C., the cast material is coiled easily regardless of the
composition of the cast material. For example, even the cast
material formed from the AZ91 alloy provided with high
rigidity can be coiled without an occurrence of cracking and
the like. Furthermore, the quality in the longitudinal direction
of the coiled cast material can be stabilized by reducing
variations in temperature in the longitudinal direction of the
cast material.

As for one form of this method for manufacturing magne-
sium alloy cast coil material, it is also preferable that varia-
tions in temperature in the longitudinal direction of the cast
material is specified to be within 50° C. In the case where
variations in temperature of the cast material from start of
coiling to finish of coiling are small, the coiling tension
applied to the cast material can be stabilized during a coiling
operation.

Moreover, as for one form of this method for manufactur-
ing magnesium alloy cast coil material, it is preferable that the
measurement of temperature of the cast material just before
coiling is started from the position of 10 m of production from
the coiling end (coiling start end) of the cast material. This is
because the cast material up to 10 m from the coiling end
exhibits poor stability in temperature, so that it is difficult to
reduce variations in temperature of the cast material.

EXAMPLE 2-2

Next, the magnesium alloy cast coil material in the shape of
a Japanese hand drum and a method for manufacturing the
same will be described in more detail with reference to FIG.
6A, FIG. 6B, and FIG. 7. This example can also be used in
combination with other examples. Here, a cast material com-
posed of a magnesium alloy is produced, and a magnesium
alloy cast coil material is produced by coiling this cast mate-
rial into the shape of a coil on the basis of the above described
method for manufacturing a magnesium alloy cast coil mate-
rial or a manufacturing method in the related art.

Initially, a molten metal 1A' of a magnesium alloy (Mg-9.0
percent by mass Al-1.0 percent by mass Zn) corresponding to
the AZ91D alloy on the basis of the American Society for
Testing Materials Standard was prepared. As shown in FIG.
6A and FIG. 6B, a sheet cast material 1A was produced by
performing continuous casting with a twin-roll type continu-
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ous casting machine 210. The resulting cast material 1A was
coiled into the shape of a cylinder with a coiler 220 disposed
downstream from the casting machine 210, so as to become a
magnesium alloy cast coil material 2.

The twin-roll type continuous casting machine 210 used in
the present example is provided with one pair of water-cool-
ing type casting rolls 211 and 211, and a casting nozzle 212 to
feed the molten metal 1A' between the two rolls 211 and 211.
According to this casting machine 210, the molten metal 1A'
fed from the casting nozzle 212 is quenched and solidified
with the water-cooling type casting rolls 211 and 211, so that
the sheet cast material 1A including segregation to a small
extent can be produced. In this regard, according to this
casting machine 210, cast materials 1A having various thick-
nesses can be produced by controlling the interval between
the two rolls 211 and 211.

The width of the resulting cast material 1A is regulated
mainly by the width of a side dam of the casting nozzle 212 to
insert into the casting rolls 211 and 211. Meanwhile, the sheet
thickness of the cast material 1A is regulated mainly by
controlling the space between opposite casting rolls 211 and
211 and rotation speed of the casting rolls 211 and 211 and
controlling the tension applied to the cast material 1A through
changing of the rotation speed of a winding drum 221 of the
coiler 220. Variations in sheet thickness of the cast material
1A are affected by the rotation speed of the casting rolls 211
and 211, the shape, the temperature, and others, e.g., a tension
applied to the cast material 1A. In the present example, varia-
tions in sheet thickness of the cast material 1A are reduced by
controlling the rotation speed of the casting rolls 211 and 211
and a tension applied to the cast material 1A. In particular,
regarding the sheet thickness and variations thereof, it is
favorable that the stress applied by the casting rolls 211 and
211 to the cast material 1A is measured, and in accordance
with the stress, the rotation speed of the casting rolls 211 and
211 and a tension applied to the cast material 1A are con-
trolled to become almost constant during coiling of the cast
material 1A.

Furthermore, in the production facilities for a coil material
of the present example, a heating device 230 capable of
reheating the cast material 1A until the cast material 1A is
coiled with the coiler 220 is disposed and, in addition, non-
contact type thermometers 240, 240, and 240 capable of
measuring surface temperatures of three places, that is, an
intermediate portion in the width direction of the cast material
1A just before being coiled by the coiler 220 and both edge
portions, are disposed. A central thermometer 240 is disposed
at the center in the width direction of the cast material 1A and
the thermometers 240 and 240 on both sides are disposed 20
mm or more inside from their respective side edge of the cast
material 1A. The above described heating device 230 can
change the heating temperature in the width direction of the
castmaterial 1A and, therefore, can change the temperature in
the width direction of the cast material 1A.

TEST EXAMPLE 2-1

The cast material 1A was continuously produced by the
above described production facilities for a coil material and a
plurality of coil materials 2 (Samples 4-1 to 4-9 shown in
Table V) were produced by coiling the cast material 1A into
the shape of a coil. Regarding all the samples, the size of the
cast materials 1A were the same (length 200 m, average width
300 mm, average sheet thickness 5 mm, sheet thickness varia-
tion 0.3 mm or less) and the numbers of turns of the coil
materials 2 were the same (45 turns). Furthermore, the coiling
tension of the cast material 1A was specified to be constant at
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about 400 kgf/cm?® by controlling the rotation speed of the
winding drum 221 of the coiler 210. In this regard, sheet
thickness of the cast material 1A was determined by averag-
ing a plurality of measurement results measured with non-
contact type measuring instruments disposed in the vicinity
of the outlet of the casting rolls 211 and 211. The numerical
values were measured at three places, that is, an intermediate
portion in the width direction of the cast material 1A and both
edge portions every 10 m of the cast material 1A between the
position 10 m from the coiling end and the coiling finish end.
The measurement positions of the sheet thickness of the cast
material 1A were the same as the measurement positions of
the temperature of the cast material 1A, that is, the center in
the width direction of the cast material 1A and the positions
20 mm inside the side edges of the cast material 1A.

Meanwhile, in production of the individual samples, the
temperature in the width direction of the cast material 1A just
before coiling was changed by switching on/off of the heating
device 230. The on/off of the heating device 230 was con-
trolled on the basis of the surface temperature of the cast
material 1A measured with the thermometers 240, 240, and
240 from the point in time of 10 m of production from the
coiling end of the cast material 1A with time (that is, continu-
ously (or intermittently) in the longitudinal direction of the
cast material 1A).

Regarding each of the samples produced as described
above, d (mm), which was an indicator of unevenness of the
intermediate portion in the width direction of the coil material
2, was measured. The sample production condition and the
measurement results of the unevenness indicator d are shown
in Table V.

TABLEV
Temperature
difference
Temperature in width between
direction of cast temperature of
material just before intermediate ~ Unevenness
coiling (° C. portion and of coil
Coiling Both  temperature of intermediate
Sample tension Intermediate edge both portion d
No. (kgh) portion portions  edge portions (mm)
4-1 400 150 135 15 0.5
4-2 400 180 150 30 1
4-3 400 200 150 50 2
4-4 400 250 200 50 2
4-5 400 250 150 100 7
4-6 400 350 300 50 2.5
4-7 400 380 330 50 2.5
4-8 400 120 150 -30 6
4-9 400 150 180 -30 6

The temperature in the width direction of the cast material
1A in Table V is an average temperature of the surface tem-
peratures of the cast material 1A measured from the point in
time of 10 m of production from the coiling end of the cast
material 1A up to the coiling finish end. In this regard, the
temperature of both edge portions in Table V is an average
value of the temperatures of lateral end portions. A negative
temperature difference in the width direction of the cast mate-
rial 1A indicates that the temperature of the intermediate
portion is lower than the temperature of both edge portions.
Meanwhile, as shown in FIG. 7, the indicator d (mm) of dent
of'the intermediate portion in the width direction of the result-
ing magnesium alloy cast coil material 2 was determined by
measuring the maximum distance among distances from a
straight line (straight line parallel to the axial line of the
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winding drum 221) circumscribing both end surfaces of the
resulting magnesium alloy cast coil material 2 to the perim-
eter surface of the coil material 2 with a commercially avail-
able feeler gauge.

As is clear from the results shown in Table V, the coil
material produced in such a way that the temperature of the
intermediate portion in the width direction of the cast material
just before coiling was higher than the temperature of both
edge portions and the temperature difference between the
intermediate portion and the both edge portions became 50°
C. or less was in the shape of a Japanese hand drum in which
the intermediate portion in the width direction was dented.
Furthermore, the dent d (mm) thereof was within the range of
0.0001xw to 0.01 w=0.03 mm to 3 mm (w is a width of the
cast material 1A and is 300 mm in the present example). As a
result of observation of both end surfaces of the coil material,
gaps were hardly formed between turns of the coil material 2,
and all gaps formed were 1 mm or less. As gaps are hardly
formed, it can be said that the flatness of the cast material
constituting the coil material is high. Therefore, the quality of
a fabricated article produced by using this coil material can be
improved.

On the other hand, regarding the coil material produced in
such a way that the temperatures of both edge portions in the
width direction of the cast material just before coiling became
higher than the temperature of the intermediate portion or the
coil material produced in such a way that the temperature
difference between the intermediate portion and the both edge
portions became more than 50° C., the dent d was out of the
range 0of 0.03 mm to 3 mm. As a result of observation of both
end surfaces of the coil materials, gaps were observed here
and there between turns of the coil material and most of the
gaps were more than 1 mm. Consequently, it is believed that
the flatness of the cast material 1A constituting these coil
materials is lower than that of the coil material having a value
of the dent d satistying the above described range.

EXAMPLE 3-1

Next, a method for manufacturing a magnesium alloy cast
coil material, the method being suitable for use in casting and
coiling sheet materials in Examples 1-1 to 2-2 described
above and other examples described later, as a matter of
course, and being widely applicable to production of magne-
sium alloy cast coil materials regardless of the presence or
absence of the conditions specified in these examples, and a
magnesium alloy cast coil material obtained by the method
will be described. According to this technology, a sheet mate-
rial having an odd-form cross-sectional shape can be obtained
by allowing a nozzle used for casting to take on a specific
shape. This method for manufacturing a magnesium alloy
cast coil material includes a step to feed a molten metal of a
magnesium alloy to a continuous casting machine and pro-
duce and coil long lengths of cast sheet. Furthermore, a nozzle
to feed the above described molten metal to a mold of the
continuous casting machine is configured in such a way that
the side surface of the above described cast sheet takes on a
shape having at least one curved portion.

According to this manufacturing method, for example, a
magnesium alloy cast coil material formed from a cast sheet
having a specific cross-sectional shape described below can
be produced. This magnesium alloy cast coil material is pro-
duced by coiling long lengths of cast sheet formed from a
magnesium alloy. In the cross-sectional surface of the above
described cast sheet, the side surface of this cast sheet takes on
a shape having at least one curved portion, and a maximum
protrusion distance of the above described curved portion in
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the direction orthogonal to the thickness direction of the
above described cast sheet is 0.5 mm or more.

In the above described manufacturing method, the nozzle
is configured in such a way that the side surface of the cast
sheet takes on a shape having a convex portion or concave
portion, as described above, and therefore, all over the inner
side surface of the nozzle is not uniformly flat to obtain a cast
sheet taking on a rectangular cross-sectional surface.
Through the use of such a nozzle can reduce the problems,
e.g., chipping of an edge portion, an occurrence of cracking,
and solidification in a nozzle, effectively. The reason for this
is believed to be that the molten metal is not easily filled into
the above described convex portion or concave portion for-
mation place in the nozzle, the contact area of the molten
metal and the nozzle inside surface is reduced, cooling of the
molten metal in the nozzle is reduced and, thereby, a decrease
in flow rate of the molten metal and occurrence and develop-
ment of solidified materials can be reduced.

Consequently, according to the above described manufac-
turing method, a cast sheet composed of a magnesium alloy
can be produced continuously and stably. For example, long
lengths of cast sheet having a length of 30 m or more, further-
more 100 m or more, or in particular 400 m or more can be
produced, and by coiling this cast sheet, a cast coil material
having a length of cast sheet of 30 m or more is obtained.
Moreover, regarding this cast sheet, chipping, cracking, and
the like of the edge portion are at low levels, so that a prede-
termined width can be ensured sufficiently. Therefore,
according to this manufacturing method, the amount of trim-
ming of the resulting cast sheet is reduced, the yield can be
improved, and a coil material (typically, a cast coil material)
through coiling of such long lengths of cast sheet can be
produced with high productivity.

The coil material obtained by the above described manu-
facturing method (typically, a cast coil material) is suitable
for use as a raw material for a magnesium alloy structural
member. More specifically, in production of the magnesium
alloy structural member by uncoiling and subjecting the
above described coil material to primary plastic forming, e.g.,
rolling, or by subjecting the resulting rolled sheet to various
secondary forming, e.g., polishing processing, leveling pro-
cess, and plastic forming (for example, press forming), appro-
priately, the raw material can be fed to a forming apparatus
continuously. Consequently, the coil material and the cast coil
material obtained by the above described manufacturing
method can contribute to mass production of the magnesium
alloy structural member, e.g., a press forming structural mem-
ber.

As for the configuration of the cast material serving as this
magnesium alloy cast coil material, the same composition,
mechanical characteristics, and forms as those of the sheet
material in Example 1-1 can be used.

In the above described manufacturing method, as for a
typical form of the above described nozzle, a form composed
of'a pair of main body sheets disposed discretely and a pair of
prism-shaped side dams which are disposed in such a way as
to sandwich both edges of the above described main body
sheets and which constitute a rectangular opening portion in
combination with the above described main body sheets is
mentioned.

In this method for manufacturing a coil material, for
example, a nozzle formed integrally from a homogeneous
material can be used. On the other hand, according to the
above described configuration, in the case where the main
body sheets, which mainly form front and back surfaces of the
cast sheet and which guide the molten metal, and side dams,
which mainly form the side surfaces of the cast sheet and
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which guide the molten metal are different structural mem-
bers, the material of the individual members can be differen-
tiated, or various three-dimensional shapes are formed easily
by combination.

As for one form of the above described manufacturing
method, a form in which at least a front end-side region of the
inner side surface in contact with the above described molten
metal of the above described side dam is in the shape of one
mountain, where the central portion in the thickness direction
of'the above described nozzle is protruded and a dent is made
from the central portion toward the above described main
body sheet side, and a maximum distance between the pro-
trusion portion and the above described concave portion is 0.5
mm or more is mentioned.

In order that the side surface of the cast sheet takes on the
shape having a concave portion or a convex portion, as
described above, the shape of the inner side surface of the
above described side dam can be various shapes. In particular,
in the case where the above described maximum distance is a
specific size and a shape of one mountain protruding toward
the inside of the nozzle is employed, the concave portion
formed at the connection place of the above described main
body sheet and the above described side dam is a narrow
region as compared with the corner portion of anozzle having
a rectangular opening and, therefore, the concave portion is
not easily filled with the molten metal sufficiently. Conse-
quently, according to the above described form, solidification
of the molten metal in the above described concave portion
and chipping and cracking caused by the resulting solidified
materials can be reduced effectively. Therefore, according to
the above described form, chipping and cracking of edge
portion are reduced, and a cast sheet having a size capable of
ensuring a predetermined sheet width sufficiently can be pro-
duced with high precision stably.

It is expected that the above described solidification in the
nozzle is suppressed easily when the maximum distance
between the above described protrusion portion and the above
described concave portion is, in particular, 1 mm or more and
4 mm or less.

In the case where the above described side dam having an
inner side surface in the shape of one mountain is used, the
cross-sectional shape of the side surface of the resulting cast
sheet becomes a concave and convex shape, in which the
central portion in the thickness direction is dented, a protru-
sion is made from the central portion toward the individual
surfaces of the cast sheet, and a dent is made again, in brief, a
shape in which two arcs are arranged side by side, or a
two-mountain shape in which two mountains range. In the
case where a side dam having an inner side surface in the
shape in which a plurality of mountain range is used, the
cross-sectional shape of the cast sheet becomes a concave and
convex shape in which three or more of; that is, a plurality of,
mountains range.

As for one form of the method for manufacturing this coil
material, a form in which at least a front end-side region of the
inner side surface in contact with the above described molten
metal ofthe above described side dam is in the shape of an arc,
where the central portion in the thickness direction of the
above described nozzle is dented, and a maximum distance
between the above described concave portion and the chord of
the above described concave portion is 0.5 mm or more is
mentioned.

According to the above described configuration, the shape
of'the nozzle opening portion becomes a shape in which a pair
of' main body sheets are joined by a smooth curve (typically,
a racetrack shape). Consequently, according to the above
described form, local solidification, which has occurred in the
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vicinity of the corner portion of the nozzle having a rectan-
gular opening portion, can be reduced. Therefore, according
to the above described form, chipping and cracking of the
edge portion are reduced, and a cast sheet having a size
capable of ensuring a predetermined sheet width sufficiently
can be produced with high precision stably.

It is expected that the above described solidification in the
nozzle is suppressed easily when the maximum distance
between the above described concave portion and the chord of
the above described concave portion is, in particular, 1 mm or
more and 4 mm or less.

In the case where the above described side dam having an
inner side surface in the shape of an arc is used, the cross-
sectional shape of the side surface of the resulting cast sheet
becomes a convex shape, in which the central portion in the
thickness direction is protruded, typically a semi-arc shape.

As for one form of the method for manufacturing this coil
material, a form in which the above described side dam has an
inclined surface, where a corner portion formed by an end
surface in the nozzle front end side and the inner side surface
to come into contact with the above described molten metal is
removed, and an angle 0 is 5° or more and 45° or less, where
the angle formed by the above described inclined surface and
a virtual extended surface of the above described inner side
surface is represented by 0. In particular, the above described
side dam is disposed in such a way as to make the ridge of the
above described inclined surface and the above described
inner side surface locate in the side inner than the front end
edge of the above described main body sheet.

In plan view in the thickness direction of the nozzle pro-
vided with the above described configuration, the vicinity of
the opening portion of the nozzle is in the shape of a taper
divergent frontward in the movement direction of the flow of
the molten metal. As the vicinity of the outlet (opening por-
tion of the nozzle) of the molten metal is in the shape of a
taper, the molten metal flowing along the above described
inner side surface can be transferred to the mold of the con-
tinuous casting machine substantially without coming into
contact with the inner side surface of the side dam in the
vicinity of the above described outlet by adjusting the flow
rate of the molten metal. That is, according to the above
described form, cooling of the molten metal by the side dam
in the vicinity of the above described outlet can be prevented
efficiently, and the molten metal in a high-temperature state
can be transferred to the mold. Therefore, according to the
above described form, chipping and cracking of the edge
portion are reduced, and a cast sheet having a size capable of
ensuring a predetermined sheet width sufficiently can be pro-
duced with high precision stably. Furthermore, the molten
metal is not supported by the side dam in the vicinity of the
above described outlet and, thereby, the side surface of the
resulting cast sheet tends to take on a shape having at least one
curved portion.

If the above described 0 is less than 5° or more than 45°,
solidified materials may be generated and chipping and
cracking of the edge portion occur easily, as in the above
described nozzle having a rectangular opening portion. It is
more preferable that 0 is 20° or more and 40° or less.

Even when the above described inclined surface is dis-
posed, the case where the ridge of the above described
inclined surface and the above described inner side surface is
located in the side outer than the front end edge of the above
described main body sheet, that is, the case where the above
described inclined surface is present at a place exposed out of
the main body sheet, is equal to the case where the above
described nozzle having a rectangular opening portion is
used. Therefore, in this case, it is difficult to suppress the
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above described occurrences of solidification of the corner
portion in the nozzle and chipping and cracking of the edge
portion. Then, it is proposed that the side dam is disposed in
such a way as to make the above described ridge locate in the
side inner than the front end edge of the above described main
body sheet. Meanwhile, if the above described 6 is small and
the distance between the above described ridge and the front
end edge of the main body sheet is too large, the molten metal
is guided easily to the outlet of the nozzle while being in
contact with the side dam in a manner similar to that of the
nozzle having a rectangular opening portion. Therefore, the
distance between the ridge and the front end edge of the main
body sheet is preferably 5 mm or less.

In the case where the above described inclined surface is
disposed on the side dam in such a way that the side surface of
the above described cast sheet takes on a shape having at least
one curved portion, as described above, the molten metal can
be transferred to the mold while being held in a high tempera-
ture state and, thereby, occurrences of chipping and cracking
of the edge portion can be prevented more effectively.

Next, the magnesium alloy cast coil material having a
feature in the cross-sectional shape and a method for manu-
facturing the same will be described in more detail with
reference to FIG. 8A, FIG. 8B to FIG. 10A, and FIG. 10B.
FIG. 8B and F1G. 9B show only a left half of the cross-section
of a casting nozzle, although a right half is present actually.
Furthermore, in FIG. 8A, FIG. 8B to FIG. 10A, and FIG. 10B,
the shape in the thickness direction is emphasized in order
that the shape ofthe side surface of the cast sheet and the inner
side surface of the nozzle are easy to understand. The casting
nozzles used in the following individual examples can be
applied to other examples, as a matter of course, and be
applied to production of magnesium alloy cast coil materials
regardless of the presence or absence of the conditions speci-
fied in the other examples.

EXAMPLE 3-2

A magnesium alloy cast coil material according to
Example 3-2 and a method for manufacturing the same will
be described with reference to FIG. 8A and FIG. 8B. This
magnesium alloy cast coil material (not shown in the draw-
ing) is produced by coiling long lengths of cast sheet 1B
composed of a magnesium alloy. The feature of this cast coil
material is the cross-sectional shape of the cast sheet 1B.

In the cross-section (FIG. 8 A shows the end surface) of the
cast sheet 1B, a side surface 310 is in a concave and convex
shape. Specifically, the side surface 310 takes on a shape in
which the central portion in the thickness direction of the cast
sheet 1B is dented, a protrusion is made from the central
portion toward the individual surfaces 311 of the cast sheet
1B, and a dent is made again, in brief, a two-mountain shape
in which two semi-arcs are arranged side by side. Regarding
the convex portion of the side surface 310, a maximum pro-
trusion distance Wb in the direction orthogonal to the thick-
ness direction of the cast sheet 1B is 0.5 mm or more. Here,
the maximum protrusion distance Wb is specified to be the
distance between straight lines 1, and 1,, where the line 1, is
a straight line in the thickness direction orthogonal to the
surface 311 of the cast sheet 1B and passes through a most
dented point of the concave portion of the side surface 310
and the straight line 1, passes through a most protruded point
of the convex portion of the side surface 310.

The thickness, the width, and the length of the cast sheet 1B
can be selected appropriately. In the case where the above
described cast coil material is used as a raw material for a
rolled sheet serving as a raw material of a plastic forming
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structural member, e.g., a press forming structural member,
when the thickness of the cast sheet is 10 mm or less, further-
more 7 mm or less, and in particular 5 mm or less, segregation
and the like are not present easily and the strength is excellent.
The width of the cast sheet 1B can be selected in accordance
with, for example, the size of the above described plastic
forming structural member or the rolled sheet, and 100 mm to
900 mm is mentioned. The length of the cast sheet 1B can be
specified to be very long lengths, e.g., 30 m or more and
furthermore 100 m or more, or be short depending on uses.

The long lengths of cast sheet 1B provided with the side
surface 310 in the above described specific shape can be
produced by a continuous casting process through the use of
a casting nozzle 4A shown in FIG. 8B. The nozzle 4A is a
cylindrical body formed from a pair of main body sheets 420
and a pair of prism-shaped side dams 421 A which constitute
a rectangular opening portion in combination with the main
body sheets 420. The main body sheets 420 are disposed
discretely ata predetermined interval (the interval designed in
accordance with the thickness of the cast sheet 1B), and the
side dams 421A are combined in such a way as to sandwich
both edges of these main body sheets 420.

The side dam 421A has a feature particularly in the shape
of'the inner side surface 410 having a cross-section taking on
a one-mountain shape in which the central portion in the
thickness direction of the nozzle 4A is protruded toward the
inside of the nozzle 4A and a dent is made from this central
portion toward the main body sheets 420 side. Here, the inner
side surface 410 takes on the above described one-mountain
shape throughout the region in the longitudinal direction of
the side dam 421A. The inner side surface 410 does not
necessarily take on a uniform shape throughout the length as
described above. For example, in the inner side surface 410,
only a front end-side region of the nozzle 4A (for example, a
region which is from the front end edge of the main body sheet
420 toward the inside of the nozzle 4A and which is 10% or
less of'the length of the main body sheet 420) may take on the
above described one-mountain shape, or a region, which is
from the front end edge of the main body sheet 420 toward the
inside of the nozzle 4A and which is more than 10% of the
length of the main body sheet 420, may take on the above
described one-mountain shape. In the case where a uniform
shape is employed throughout the length of the inner side
surface 410, the side dams are formed easily. In this regard, as
for the above described one-mountain shape, a form com-
posed of flat surfaces is shown here, although a form com-
posed of curved surfaces, for example, an arc shape or a
corrugated shape, can be employed.

Regarding the inner side surface 410 in the above described
one-mountain shape, the maximum distance Ws between the
protruded portion and the dented portion is 0.5 mm or more.
Here, the maximum distance Ws corresponds to a distance
from the most protruded point to a plane which is in the
thickness direction of the nozzle 4A and which includes the
ridge of the inside surface of the main body sheet 420 and the
inner side surface 410. The molten metal of the magnesium
alloy is guided by this inner side surface 410 in the one-
mountain shape and is transferred to the mold and, thereby,
the side surface 310 of the cast sheet 1B takes on a concave
and convex shape, as if the shape of the inner side surface 410
of the above described nozzle 4A is transferred.

As for the constituent materials for the nozzle 4A, materi-
als having excellent heat resistance and high strength, for
example, aluminum oxide, silicon carbide, calcium silicate,
alumina sintered body, boron nitride sintered body, carbon
based materials, and glass fiber containing materials, can be
used. Oxide materials react with molten magnesium easily.
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Therefore, in the case where the oxide material is used as the
constituent material for the nozzle 4A, it is preferable that a
low-oxygen layer formed from a material having a low oxy-
gen content is disposed at a place in contact with the molten
metal. Examples of constituent materials for the low-oxygen
layer include at least one type selected from boron nitride,
graphite, and carbon. The constituent materials for the main
body sheet 420 and the side dam 421A may be the same type
of be different.

As for the above described continuous casting process, a
twin-roll casting process or a twin-belt casting process can be
used. The continuous casting process is preferable because
oxides, segregation, and the like can be reduced by quenching
and solidifying the molten metal and, in addition, generation
of coarse impurities in crystal and precipitates exceeding 10
um can be suppressed. In particular, the twin-roll casting
process is preferable because quenching and solidification
can be performed by using a mold exhibiting excellent rigid-
ity and heat conductivity and having a large heat capacity, so
that a cast sheet including a low extent of segregation can be
formed. A higher cooling rate during casting is preferable. For
example, if the cooling rate is specified to be 100° C./sec or
more, deposits generated at interfaces of columnar crystals
can be made fine, e.g., 20 um or less.

The nozzle 4A is disposed in the continuous casting
machine, the molten metal of a magnesium alloy is dis-
charged from the nozzle 4 A and, in addition, the molten metal
is quenched and solidified with the mold, so as to produce the
cast sheet 1B continuously. Subsequently, the resulting long
lengths of cast sheet 1B is coiled with a coiler appropriately,
so that a cast coil material can be produced. The inside diam-
eter and the outside diameter of the cast coil material can be
selected appropriately in accordance with, for example, the
thickness and the length of the cast sheet. However, if the
inside diameter is too small or the thickness is too large,
cracking or the like may occur in the cast sheet when the cast
sheet is coiled. It is preferable that the inside diameter is
small, because coiling can be performed without an occur-
rence of cracking by controlling the temperature just before
the cast sheet is coiled, as in Example 1-1.

In the case where the casting nozzle 4A having the inner
side surface 410 in the above described concave and convex
shape is used, chipping and cracking of the edge portion are
suppressed and long lengths of cast sheet composed of a
magnesium alloy can be produced continuously and stably, as
shown in a test example described later. Furthermore, long
lengths of cast sheet 1B can be produced continuously and
stably by specifying the cross-sectional shape of the cast
sheet 1B to be a specific concave and convex shape.

Chipping and cracking of the edge portion can be further
suppressed by adjusting the production condition (for
example, the temperature of molten metal, the cooling rate,
the temperature in a tundish, the transfer pressure of molten
metal, and the like) in addition to use of the nozzle in the
specific shape, as described above.

EXAMPLE 3-3

A magnesium alloy cast coil material according to
Example 3-3 and a method for manufacturing the same will
be described with reference to FIG. 9A and FIG. 9B. The
basic configuration of Example 3-3 is the same as the cast coil
material 1B and the manufacturing method (casting nozzle
4A) in Example 3-2 described above, and main difference is
in the side surface shape of a cast coil material 1C and the
shape of the inner side surface of the casting nozzle 4B used
for production of the cast coil material 1C. This difference
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will be described below in detail, and detailed explanations of
the same configurations and effects as those in Example 3-2
are omitted.

In the cross-section (FIG. 9A shows the end surface) of the
cast sheet 1C, a side surface 312 is formed from a curved
surface. Specifically, the side surface 312 takes on a shape in
which the central portion in the thickness direction of the cast
sheet 1C is bulged, and convergence is made from the central
portion toward the individual surfaces 311 of the cast sheet
1C, in brief, a semi-arc shape. Regarding the convex portion
of'the side surface 312, a maximum protrusion distance Wb in
the direction orthogonal to the thickness direction of the cast
sheet 1C is 0.5 mm or more. Here, the maximum protrusion
distance Wb is specified to be the distance between straight
lines 1, and 1, where the line 1, is a straight line in the
thickness direction orthogonal to the surface 311 of the cast
sheet 1C and passes through a most protruded point of the
concave portion of the side surface 312 and the straight line 1,
passes through a ridge 313 of the side surface 312 and the
surface 311. The ridge 313 is typically a straight line passing
through an inflection point on the surface 311.

The long lengths of cast sheet 1C provided with the side
surface 312 in the above described specific shape can be
produced by a continuous casting process through the use of
a casting nozzle 4B shown in FIG. 9B. The nozzle 4B is a
cylindrical body formed from a pair of main body sheets 420
and a pair of prism-shaped side dams 421B in a manner
similar to the nozzle 4A in Example 3-1.

The side dam 421B has a feature particularly in the shape of
the inner side surface 411 having a cross-section taking on a
concave shape in which the central portion in the thickness
direction of the nozzle 4B is dented and the width of the side
dam 421B increases from this central portion toward the main
body sheets 420 sides. The width of the side dam 421B refers
to the size in a direction (in FIG. 9A and FIG. 9B, transverse
direction) orthogonal to the thickness direction (in FIG. 9A
and FIG. 9B, vertical direction) of the nozzle 4B. Meanwhile,
here, the inner side surface 411 takes on the above described
concave shape all over the region in the longitudinal direction
of the side dam 421B. Here, as for the above described con-
cave shape, a form composed of curved surfaces is shown,
although a form composed of flat surfaces, specifically, a
one-mountain shape shown in Example 3-2 (where the direc-
tion of concave is reversed), can be employed.

Regarding the inner side surface 411 in the above described
concave shape, the maximum distance Ws between the above
described concave portion and the chord of the concave por-
tion is 0.5 mm or more. Here, the maximum distance Ws
corresponds to a distance from the most dented point to a
plane which is in the thickness direction of the nozzle 4A and
which includes the ridge of the inside surface of the main
body sheet 420 and the inner side surface 411 of the side dam
421B. The above described chord of the concave portion
corresponds to a straight line bonding the two ridges in the
thickness direction. The molten metal of the magnesium alloy
is guided by this inner side surface 411 in the concave shape
and is transferred to the mold and, thereby, the side surface
312 of the cast sheet 1C takes on a convex shape, as if the
shape of the inner side surface 411 of the above described
nozzle 4B is transferred.

In the case where the continuous casting process, e.g., the
twin-roll casting process by using the casting nozzle 4B hav-
ing the inner side surface 411 in the above described concave
shape, is performed, chipping and cracking of the edge por-
tion are suppressed and long lengths of cast sheet composed
of a magnesium alloy can be produced continuously and
stably, as shown in a test example described later. Further-
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more, long lengths of cast sheet 1C can be produced continu-
ously and stably by specifying the cross-sectional shape of
the cast sheet 1C to be a specific convex shape.

EXAMPLE 3-4

A method for manufacturing a magnesium alloy cast coil
material according to Example 3-4 will be described with
reference to FIG. 10A and FIG. 10B. The basic configuration
of Example 3-4 is the same as the method for manufacturing
a cast coil material (casting nozzle 4A) in Example 3-2
described above, and main difference is in the shape of the
casting nozzle used for production of the cast coil material.
This difference will be described below in detail, and detailed
explanations of the same configurations and effects as those
in Example 3-2 are omitted.

The casting nozzle 4C is a cylindrical body formed from a
pair of main body sheets 420 and a pair of prism-shaped side
dams 421C in a manner similar to the nozzle 4A in Example
3-2. The side dam 421C has a feature in the shape ofthe front
end portion (a portion in the nozzle opening side). Specifi-
cally, a corner portion formed by an end surface 413 in the
front end side of the nozzle 4C of the side dam 421C and the
inner side surface 412 of the side dam 421C is removed, and
the side dam 421C is provided with an inclined surface 414 in
the front end side. The angle A formed by the inclined surface
414 and a virtual extended surface of the inner side surface
412 is 5°to 45°. Inthis regard, the inner side surface 412 of the
nozzle 4C in Example 3-4 is formed from flat surfaces and has
no curved portion in contrast to the side dams 421 A and 421B
in Examples 3-1 and 3-2.

Furthermore, in the casting nozzle 4C, a front end edge
420F ofthe main body sheet 420 and an end surface 413 of the
side dam 421C are disposed while being displaced with
respect to each other in the longitudinal direction of the
nozzle 4C (in FIG. 10B, vertical direction, equal to the trans-
fer direction of molten metal). Specifically, the side dam
421C is disposed in such a way that the end surface 413 of the
side dam 421C protrudes forward from the front end edge
420E of the main body sheet 420 in the transfer direction of
the molten metal. That is, the side dam 421C is disposed in
such a way as to make the ridge 415 of the inclined surface
414 and the inner side surface 412 locate in the side inner than
the front end edge 420F of the main body sheet 420.

In the case where casting is performed by the continuous
casting process, e.g., the twin-roll casting process, by using
the casting nozzle 4C provided with the above described
inclined surface 414, by adjusting the flow rate of the molten
metal of the magnesium alloy flowing into the nozzle 4C and,
in addition, adjusting the distance d between the above
described ridge 415 and the front end edge 420F of the main
body sheet 420, the molten metal can be discharged toward
the mold on an as-is basis without being guided by the side
dam 421C at the front end portion of the nozzle 4C. That is,
the nozzle 4C can be configured to include a place not in
contact with the molten metal (here, front end portion).
According to the above described configuration, in particular
at the front end portion of the nozzle 4C, the molten metal is
effectively prevented from being cooled by the side dam
421C and, thereby, the molten metal in the high-temperature
state can be transferred to the front end of the nozzle 4C. The
distance d between the above described ridge 415 and the
front end edge 420F of the main body sheet 420 is specified to
be 5 mm or less.

The molten metal flowing in the above described casting
nozzle 4C is not guided by the side dam 421C at the front end
portion of the nozzle 4C, as described above, and therefore, is
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in the state of being deformed freely to some extent. Conse-
quently, by performing continuous casting through the use of
the nozzle 4C, a cast sheet in the shape having at least one
curved portion in the side surface, for example, the cast sheet
1B having the side surface 310 in the concave and convex
shape in Example 3-2 and the cast sheet 1C having the side
surface 312 in the convex shape in Example 3-3, can be
produced.

In the case where the casting nozzle 4C provided with the
above described side dam 421C subjected to corner removal
is used, regarding production of the cast sheet having the side
surface in the above described specific shape by the continu-
ous casting process, e.g., the twin-roll casting process, chip-
ping and cracking of the edge portion are suppressed and long
lengths of cast sheet composed of the magnesium alloy can be
produced continuously and stably.

MODIFIED EXAMPLE 3-1

Regarding the nozzles described in Examples 3-2 and 3-3
and having the inner side surfaces in the specific shapes, the
shape in the front end side thereof can be made into a shape,
in which the corner is removed, as described in Example 3-4.

TEST EXAMPLE 3-1

The casting nozzles 4A and 4B of Examples 3-2 and 3-3
and a casting nozzle having a rectangular opening portion for
comparison were prepared. Continuous casting was per-
formed with a twin-roll casting machine, so as to produce cast
sheets continuously and the productivity was evaluated.

In this test, a molten metal of a magnesium alloy having a
composition (Mg-9.0% Al-1.0% Zn (all in percent by mass))
corresponding to the AZ91 alloy was prepared. A cast sheet
having a thickness of 5 mm and a width of 400 mm was
produced continuously, and a length (m) which can be pro-
duced without an occurrence of chipping of the edge portion
of'the cast sheet was examined. Regarding each of the casting
nozzle 4A of Example 3-2 and the casting nozzle 4B of
Example 3-3, the maximum distance Ws was specified to be
1.0 mm.

As aresult, in either of the cases where casting nozzles 4A
and 4B were used, long lengths of cast sheet having a length
0f'400 m was able to be produced continuously. Furthermore,
chipping and cracking of the edge portion of the resulting cast
sheet were at a low level throughout the length and, therefore,
it is expected that the amount of removal due to trimming can
be reduced. In this regard, the resulting long lengths of cast
sheet was coiled, so as to produce a coil material. Meanwhile,
in the case where the casting nozzle prepared for comparison
was used, chipping and cracking of the edge portion increased
at the point in time when 15 m of cast sheet was produced and
the production was stopped.

Regarding the above described casting nozzles 4A and 4B,
corners of the front ends of the side dams 421A and 421B
were removed (0=30°, d=3 mm), as described in Example
3-4, and cast sheets were produced in a manner similar to that
in the above described test example. As a result, long lengths
of cast sheet having a length of 400 m was able to be produced
as in the above described test result. Moreover, chipping and
cracking of the edge portion of the resulting cast sheets was at
a low level. Therefore, chipping and cracking of the edge
portion were able to be further reduced by combining the
casting nozzles 4A and 4B with the configuration of removal
of corner.

It was ascertained from the above described test results that
long lengths of cast sheet composed of a magnesium alloy
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was able to be produced continuously and stably by using the
casting nozzle in the specific shape.

In this regard, the above described examples can be modi-
fied appropriately within the bound of not departing from the
gist of the present invention, and are not limited to the above
described configurations. For example, the composition
(types and contents of additive elements) of the magnesium
alloy, the thickness, the width, and the length of the magne-
sium alloy cast coil material, the shape of the inner side
surface of the side dam, the maximum protrusion distance,
and the like can be changed appropriately. Furthermore, by
combination of the technology of Example 1-1 described
above and the technologies of Examples 2-1 and 2-2, a coil
material in the shape of a Japanese hand drum coiled with a
small diameter can be obtained. Moreover, by combination of
the technology of Example 1-1 described above and the tech-
nologies of Examples 3-1 to 3-4, a coil material produced by
coiling a sheet material having a non-rectangular cross-sec-
tion with a small diameter can be obtained. In addition, by
combination of the technology of Example 1-1, Examples 2-1
and 2-2, and the technologies of Examples 3-1 to 3-4, a coil
material in the shape of'a Japanese hand drum can be obtained
by coiling a sheet material having a non-rectangular cross-
section with a small diameter.

INDUSTRIAL APPLICABILITY

The magnesium alloy sheet according to the present inven-
tion are suitable for use as structural members of various
electric and electronic devices, in particular housings of
mobile and small electric and electronic devices, and raw
materials for constituent structural members in various fields,
e.g., automobiles and aircraft, in which high strength is
desired. Furthermore, the magnesium alloy cast coil material
according to the present invention is suitable for use as the
raw material for the above described magnesium alloy sheet
according to the present invention. The method for manufac-
turing a magnesium alloy cast coil material according to the
present invention is suitable for use in production of the above
described magnesium alloy cast coil material according to the
present invention. The method for manufacturing a magne-
sium alloy sheet according to the present invention is suitable
for use in production of the above described magnesium alloy
sheet according to the present invention.

REFERENCE SIGNS LIST

1 sheet material

110 continuous casting machine 120 coiler 121 winding
drum 122 chuck portion

122a, 1225 grasping piece

123a convex portion 1235 concave portion 125 thermom-
eter 130, 131 heating device

1A cast material 1A' molten metal

2 magnesium alloy cast coil material

210 twin-roll type continuous casting machine 211 casting
roll 212 casting nozzle

220 coiler 221 winding drum 230 heating device 240 tem-
perature measuring device

1B, 1C cast sheet 310, 312 side surface 311 surface 313
ridge

4A, 4B, 4C casting nozzle 420 main body sheet 420E front
end edge

421A, 421B, 421C side dam 410, 411, 412 inner side
surface

413 end surface 414 inclined surface 415 ridge
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The invention claimed is:
1. A method for manufacturing a coil material through
coiling of a sheet material formed from a metal into the shape
of a cylinder so as to produce the coil material, the method
characterized by comprising the step of:
coiling the sheet material with a coiler while the Centi-
grade temperature T of the sheet material just before
coiling is controlled to be a temperature at which the
surface strain, (t/R)x100, wherein t represents the thick-
ness and R represents the bending radius in millimeters,
of the sheet material becomes less than or equal to the
elongation at room temperature of the sheet material,
wherein T is higher then 100,

wherein the controlling of the Centigrade temperature T of
the sheet material just before coiling is applied to a place
grasped by a chuck portion provided in the coiler;

wherein the sheet material is a cast material of a magne-
sium alloy discharged from a continuous casting
machine and the thickness t thereofis 7 mm or less, and

a cast coil material having an elongation at room tempera-

ture of 10% or less is obtained,

characterized in that the temperature of the sheet material

is controlled in such a way as to make the temperature T
of the sheet material just before coiling satisfy the fol-
lowing formula, where the minimum bending radius in
coiling with the coiler is represented by Rmin, in milli-
meters:

(T - 80)% 30 [Equation 1]
I
2800 = Rmin’

2. The method for manufacturing a coil material according
to claim 1, characterized in that the t/R is 0.01 or more.

3. The method for manufacturing a coil material according
to claim 1, characterized in that the sheet material is cast in
such a way that the temperature just after being discharged
from the continuous casting machine becomes 350° C. or
lower.

4. The method for manufacturing a coil material according
to claim 1, characterized in that

the temperature of the sheet material discharged from the

continuous casting machine is cooled to a temperature of
150° C. or lower, and

the temperature of the sheet material just before coiling is

controlled by heating at least a part of the sheet material
to a temperature higher than the cooling temperature,
before the cooled sheet material is coiled with the coiler.

5. The method for manufacturing a coil material according
to claim 1, characterized in that the temperature of the sheet
material just before coiling is controlled by disposing a heat
insulating material between the continuous casting machine
and the coiler.

6. The method for manufacturing a coil material according
to claim 1, characterized in that the tensile strength of the
resulting cast coil material at room temperature is 250 MPa or
more.

7. The method for manufacturing a coil material according
to claim 1, characterized in that the magnesium alloy contains
at least one element selected from the group consisting of Al,
Ca, and Si, and a formula value D represented by using the
contents, in terms of percentage by mass of Al, Ca, and Si
satisfies the following:

formula value D={2.71x(Si content)+2.26x[(Al con-

tent)—1.35x(Ca content)]+2.35x
(Ca content) }=14.5.
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8. The method for manufacturing a coil material according
to claim 1, characterized in that the magnesium alloy contains
at least one of element selected from the group consisting of
Al, Ca, Si, Zn, Mn, Sr, Y, Cu, Ag, Sn, Li, Zr, Be, Ce, and rare
earth elements excluding Y and Ce.

9. The method for manufacturing a coil material according
to claim 1, characterized in that

the continuous casting machine is a twin-roll casting

machine, and

casting is performed in such a way as to make the tempera-

ture of the sheet material in the range from a discharge
port of the continuous casting machine to 500 mm in the
moving direction of the sheet material becomes 250° C.
or lower.

10. The method for manufacturing a coil material accord-
ing to claim 4, characterized in that the heating temperature in
heating of the sheet material is specified to be 350° C. or
lower.

11. The method for manufacturing a coil material accord-
ing to claim 4, characterized in that

the coiler comprises a heating device, and

the heating of the sheet material is performed by the heat-

ing device.

12. The method for manufacturing a coil material accord-
ing to claim 1, characterized in that

variations in temperature in the width direction of the sheet

material just before coiling are specified to be within 50°
C. and, in addition, the temperature of the sheet material
is controlled in such a way as to make the temperature of
an intermediate portion in the width direction of the
sheet material higher than the temperature of both edge
portions, and

the sheet material is coiled while a constant coiling pres-

sure of 300 kgf/cm? or more is applied.
13. The method for manufacturing a coil material accord-
ing to claim 12, characterized in that variations in temperature
in the longitudinal direction of the sheet material are specified
to be within 50° C.
14. The method for manufacturing a coil material accord-
ing to claim 12, characterized in that the measurement of the
temperature of the sheet material just before coiling is started
from the position of 10 m of production from the coiling end
of the sheet material.
15. The method for manufacturing a coil material accord-
ing to claim 1, characterized in that:
the continuous casting machine comprises a nozzle to feed
a molten metal of a magnesium alloy to a mold, and

the nozzle is configured to make the side surface of the
sheet material take on a shape having at least one curved
portion.

16. The method for manufacturing a coil material accord-
ing to claim 15, characterized in that

the nozzle is formed from a pair of main body sheets

disposed discretely and a pair of prism-shaped side dams
which are disposed in such a way as to sandwich both
edges of the main body sheets and which constitute a
rectangular opening portion in combination with the
main body sheets,

at least front end-side region of the inner side surface of the

side dam to come into contact with the molten metal is in
the shape of one mountain in which the central portion in
the thickness direction of the nozzle is protruded and a
dent is made from the central portion toward the main
body sheet side, and

a distance between the protruded portion and the dent

portion is 0.5 mm or more.
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17. The method for manufacturing a coil material accord-
ing to claim 15, characterized in that

the nozzle is formed from a pair of main body sheets

disposed discretely and a pair of prism-shaped side dams
which are disposed in such a way as to sandwich both
edges of the main body sheets and which constitute a
rectangular opening portion in combination with the
main body sheets,

at least front end-side region of the inner side surface of the

side dam to come into contact with the molten metal is in
the shape of an arc in which the central portion in the
thickness direction of the nozzle is dented, and

a distance between the dent portion and a chord of the dent

portion is 0.5 mm or more.

18. The method for manufacturing a coil material accord-
ing to claim 15, characterized in that

the nozzle is formed from a pair of main body sheets

disposed discretely and a pair of prism-shaped side dams
which are disposed in such a way as to sandwich both
edges of the main body sheets and which constitute a
rectangular opening portion in combination with the
main body sheets,

the side dam has an inclined surface, where a corner por-

tion formed by an end surface in the nozzle front end side
and the inner side surface to come into contact with the
molten metal is removed,
an angle 0 is 5° or more and 45° or less, where the angle
formed by the inclined surface and a virtual extended
surface of the inner side surface is represented by 6, and

the side dam is disposed in such a way as to make the ridge
of the inclined surface and the inner side surface located
in the side inner than the front end edge of the main body
sheet.

19. A coil material characterized by

being formed from a cast sheet of a magnesium alloy,

having a thickness of 7 mm,

having an elongation at room temperature of 10% or less,

and

being coiled into the shape of a cylinder.

20. The coil material according to claim 19, characterized
in that the tensile strength is 250 MPa or more.

21. The coil material according to claim 19, characterized
in that the length of the cast sheet is 30 m or more.

22. The coil material according to claim 19, characterized
in that the magnesium alloy contains at least one element
selected from the group consisting of Al, Ca, and Si, and a
formula value D represented by using the contents of Al, Ca,
and Si satisfies the following:

formula value D={2.71x(Si content)+2.26x[(Al con-
tent)—1.35x(Ca content)]+2.35x
(Ca content) }=14.5.

23. The coil material according to claim 19, characterized
in that the magnesium alloy contains 7.3 percent by mass or
more of at least one element selected from the group consist-
ing of Al, Ca, Si, Zn, Mn, Sr,Y, Cu, Ag, Sn, Li, Zr, Be, Ce, and
rare earth elements (excluding Y and Ce) as an additive ele-
ment in total and the remainder composed of Mg and impu-
rities.

24. The coil material according to claim 19, characterized
in that the magnesium alloy comprises 7.3 percent by mass or
more and 12 percent by mass or less of Al.

25. The coil material according to claim 19, characterized
in that the magnesium alloy contains 0.1 percent by mass or
more of at least one element selected from the group consist-
ing of'Y, Ce, Ca, and rare earth elements (excluding Y and Ce)
and the remainder composed of Mg and impurities.



US 9,222,160 B2

45

26. The coil material according to claim 19, characterized
in that in a cross-section of the cast sheet, the side surface of
the cast sheet is in the shape having at least one curved portion
and a maximum protrusion distance of the curved portion in
a direction orthogonal to the thickness direction of the cast
sheet is 0.5 mm or more.

27. The coil material according to claim 19, characterized
in that the maximum distance, which is represented by d
(mm), among distances from a straight line circumscribing
both end surfaces of'the coil material produced by coiling the
cast sheet to the perimeter surface of the cast coil material and
the width, which is represented by w (mm), of the cast sheet
satisfy

0.0001 w<d<0.01 w, and

the perimeter surface of the coil material is located in the

side nearer to a core portion of the cast coil material than
is the straight line.

28. The coil material according to claim 27, characterized
in that gaps between turns of the coil material are 1 mm or
less.

29. The coil material according to claim 27, characterized
in that variations in sheet thickness of the cast sheet consti-
tuting the coil material are £0.2 mm or less.

30. A method for manufacturing a magnesium alloy sheet,
characterized by comprising the steps of:

preparing the coil material according to claim 19, and

performing a heat treatment at a heat treatment temperature

Tan (K) satistying Tan (K) =Tsx0.8 for a holding time of
30 minutes or more, where the solidus temperature of the
magnesium alloy constituting the coil material is repre-
sented by Ts (K) and the heat treatment temperature is
represented by Tan (K), so as to produce a sheet.

31. The method for manufacturing a magnesium alloy
sheet, according to claim 30, characterized in that the sheet is
produced by performing rolling with a reduction ratio of 20%
or more after the heat treatment.

32. A method for manufacturing a magnesium alloy sheet,
characterized by comprising the steps of:

preparing the coil material according to claim 19, and

producing a sheet by using the part constituting tx90% or

more of the thickness t (mm) of the coil material.

33. A method for manufacturing a magnesium alloy sheet,
characterized by comprising the steps of:

preparing the coil material according to claim 19, and

subjecting the coil material to rolling with a reduction ratio

01 20% or less, so as to produce the sheet.

34. A magnesium alloy coil material characterized by
being obtained by the method for manufacturing a coil mate-
rial according to claim 1.
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35. A magnesium alloy sheet characterized by being
obtained by the method for manufacturing a magnesium alloy
sheet according to claim 30.

36. A coil material coiler to coil a sheet material continu-
ously produced with a continuous casting machine into the
shape of a cylinder, the coiler characterized by comprising:

a chuck portion to grasp an end portion of the sheet mate-

rial; and

a heating device to heat the region, which is grasped by the

chuck portion, of the sheet material,

wherein the sheet material is formed from a magnesium

alloy.
37. The method for manufacturing a coil material accord-
ing to claim 1, wherein the controlling of the Centigrade
temperature T of the sheet material just before coiling is
applied to the whole length of the sheet material from a place
grasped by a chuck portion provided in the coiler to the coiler
finishing place.
38. A method for manufacturing a coil material through
coiling of a sheet material formed from a metal into the shape
of a cylinder so as to produce the coil material, the method
characterized by comprising the step of:
coiling the sheet material with a coiler while the Centi-
grade temperature T of the sheet material just before
coiling is controlled to be a temperature at which the
surface strain, (t/R) x100, wherein t represents the thick-
ness and R represents the bending radius in millimeters,
of the sheet material becomes less than or equal to an
elongation at room temperature of the sheet material,
wherein T is higher than 100,

wherein the controlling of the Centigrade temperature T of
the sheet material just before coiling, is applied to a
place grasped by a chuck portion provided in the coiler;

wherein the sheet material is a cast material of a magne-
sium alloy discharged from a continuous casting
machine and the thickness t thereofis 7 mm or less, and
a cast coil material having an elongation at room tem-
perature of 10% or less is obtained,

characterized in that the temperature of the sheet material

is controlled in such a way as to make the temperature T
of the sheet material just before coiling satisfy the fol-
lowing formula, where the minimum bending radius in
coiling with the coiler is represented by Rmin, in milli-
meters:

(T - 80)2 [Equation 2]
+30
L = !
4000 = Rmin’



